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SUMMARY: The FAA assigned the Aviation Rulemaking Advisory Committee a  
new task to review and evaluate the current standards for Sec. 33.14  
and corresponding JAR-E 515 as they pertain to the current ``safe  
life'' process. This notice is to inform the public of this ARAC  
activity. 
 
FOR FURTHER INFORMATION CONTACT: Timoleon Mouzakis, Federal Aviation  
Administration, New England Region Headquarters, Engine and Propeller  
Standards Staff, 12 New England Executive Park, Burlington, MA 01803,  
phone (781) 238-7114, facsimile: (781) 238-7199,  
timoleon.mouzakis@faa.gov. 
 
SUPPLEMENTARY INFORMATION: 
 
Background 
 
    The FAA established the Aviation Rulemaking Advisory Committee to  
provide advice and recommendations to the FAA Administrator on the  
FAA's rulemaking activities with respect to aviation-related issues.  
This includes obtaining advice and recommendations on the FAA's  
commitments to harmonize Title 14 of the Code of Federal Regulations  
(14 CFR) with its partners in Europe and Canada. 
 
The Task 
 
    1. Review and evaluate the current standards for Sec. 33.14 and  
corresponding JAR-E-515 as they pertain to the current ``safe life''  
process. As the existing standards do not explicitly account for the  
potential degrading effects of anomalous materials and manufacturing or  
usage induced anomalies, determine if the FAA can expand the current  
requirement to include damage tolerance philosophies. Also, establish  

mailto:timoleon.mouzakis@faa.gov


the process to achieve a closed loop system which links the assumptions  
made in design (by engineering) to how the part is manufactured and  
maintained in service. 
    2. Develop a report based on the review, which may include  
revisions to the rules. If revisions to the rules are recommended, the  
report should include recommended regulatory language to the  
appropriate FAR section, the corresponding JAR paragraphs, any related  
advisory material, and ARAC's response to the economic questions  
attached to this tasking record. 
    3. If, as a result of the recommendations, the FAA publishes an  
NPRM and/or notice of proposed availability of draft advisory circular  
for public comment, the FAA may ask ARAC to review all comments and  
provide the agency a recommendation for the disposition of those  
comments. 
    Schedule: Required completion is no later than September 2003. 
 
ARAC Acceptance of Task 
 
    ARAC accepted the task and assigned the task to the Engine  
Harmonization Working Group, Transport Airplane and Engine Issues. The  
working group serves as staff to ARAC and assists in the analysis of  
assigned tasks. ARAC must review and approve the working group's  
recommendations. If ARAC accepts the working group's recommendations,  
it will forward them to the FAA. 
 
Working Group Activity 
 
    The Engine Harmonization Working Group is expected to comply with  
the procedures adopted by ARAC. As part of the procedures, the working  
group is expected to: 
    1. Recommend a work plan for completion of the task, including the  
rationale supporting such a plan for consideration at the next meeting  
of the ARAC on transport airplane and engine issues held following  
publication of this notice. 
    2. Give a detailed conceptual presentation of the proposed  
recommendations prior to proceeding with the work stated in item 3  
below. 
    3. Draft the appropriate documents and required analyses and/or any  
other related materials or documents. 
    4. Provide a status report at each meeting of the ARAC held to  
consider transport airplane and engine issues. 
 
Participation in the Working Group 
 
    The Engine Harmonization Working Group is composed of technical  
experts having an interest in the assigned task. A working group member  
need not be a representative or a member of the full committee. 
    An individual who has expertise in the subject matter and wishes to  
become a member of the working group should write to the person listed  
under the caption FOR FURTHER INFORMATION CONTACT expressing that  
desire, describing his or her interest in the task, and stating the  
expertise he or she would bring to the working group. All requests to  
participate must be received no later than December 7, 2001. The  
requests will be reviewed by the assistant chair, the assistant  
executive director, and the working group co-chairs. Individuals will  
be advised whether or not their request can be accommodated. 
    Individuals chosen for membership on the working group must  



represent their aviation community segment and actively participate in  
the working group (e.g., attend all meetings, provide written comments  
when requested to do so, etc.). They must devote the resources  
necessary to support the working group in meeting any assigned  
deadlines. Members must keep their management chain and those they may  
represent advised of working group activities and decisions to ensure  
that the proposed technical solutions do not conflict with their  
sponsoring organization's position when the subject being negotiated is  
presented to ARAC for approval. 
    Once the working group has begun deliberations, members will not be  
added or substituted without the approval of the assistant chair, the  
assistant executive director, and the working group co-chairs. 
    The Secretary of Transportation determined that the formation and  
use of the ARAC is necessary and in the public interest in connection  
with the performance of duties imposed on the FAA by law. 
    Meetings of the ARAC will be open to the public. Meetings of the  
Engine Harmonization Working Group will not be open to the public,  
except to the extent that individuals with an interest and expertise  
are selected to participate. The FAA will make no public announcement  
of working group meetings. 
 
    Issued in Washington, DC, on October 30, 2001. 
Anthony F. Fazio, 
Executive Director, Aviation Rulemaking Advisory Committee. 
[FR Doc. 01-27998 Filed 11-6-01; 8:45 am] 
BILLING CODE 4910-13-M 
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1.  PURPOSE.  This advisory circular (AC) provides guidance and acceptable methods, 
but not the only methods, that may be used to demonstrate compliance with the bird 
ingestion requirements of § 33.76 of the Federal Regulations, Title 14 of the Code of 
Federal Regulations.  Although this AC does refer to regulatory requirements that are 
mandatory, this AC is not, in itself, mandatory.  This AC neither changes any regulatory 
requirements nor authorizes changes in or deviations from the regulatory requirements. 
 
2.  BACKGROUND. 
 
     a.  This effort was adopted as a part 33 and Joint Aviation Regulations for engines 
(JAR-E) harmonization project and was selected as an Aviation Rulemaking Advisory 
Committee (ARAC) project. 
 
     b.  This AC provides information and guidance that addresses Federal Aviation 
Administration (FAA) type certification standards for aircraft turbine engines with regard 
to bird ingestion.  The requirements under § 33.76 reflect recent analysis of the bird 
threat encountered in service by turbine engine powered aircraft.   
 
3.  DEFINITIONS.  For the purpose of this AC, the following definitions apply: 
 
     a.  Ingestion.  Ingestion is defined as the passage of a bird into the engine inlet and/or 
impact with engine structure.   
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     b.  Front of the Engine.  The front of the engine is characterized as any part of the 
engine which can be struck by a bird.  This includes, but is not limited to, the following: 
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         (1) inlet mounted components,  92 
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         (2) nose cone,  
 
         (3) spinner (centerbody) on the fan or compressor rotor,  
 
         (4) engine inlet guide vane assemblies, 
 
         (5) any engine protection device, and 
 
         (6) fan or compressor blades (including front and aft fan designs).  
 
     c.  Minimum Engine.  A minimum engine is defined as a new engine that exhibits the 
type design's most limiting operating parameter(s), with respect to the bird ingestion 
conditions prescribed in this AC.  These operating parameters include, but are not limited 
to, power or thrust, turbine temperature, and rotor speed. 
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     d.  First Stage Rotating Blades.  The term "first stage rotating blades" includes the first 
of the exposed stages of any fan or compressor rotor which are susceptible to a bird strike 
or bird ingestion.  These first stage rotating blades are considered to be part of the front 
of the engine, as defined in paragraph (3)(b).  This definition encompasses ducted, 
unducted and aft fan engine designs.  In these latter cases, blading on multiple rotors (i.e., 
primary and secondary airflow paths) should be considered separately when complying  
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with § 33.76. 
 
     e.  Critical Impact Parameter (CIP).  A parameter used to characterize the state of 
stress, strain, deflection, twist, or other condition which will result in the maximum 
impact damage to the engine for the prescribed bird ingestion condition.
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     f.  Inlet Throat Area.  The inlet throat area is the installation limitation on projected 
capture area of the engine inlet nacelle at its minimum inside diameter. 
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     g. Airspeed for Normal Flight Operations. Normal flight operations with respect to 
airspeed refers to the range of airspeed values that is allowed under normal circumstances 
by existing air traffic control regulations. 
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4.  GENERAL.  The intent of § 33.76 is to require an applicant to demonstrate that the 
engine is designed and constructed to be structurally and operationally tolerant, to the 
degree specified, following the defined bird ingestion events.  
 
     a.  Front of the Engine.  The applicant should assess the bird impact to the critical 
parameters of the components at the front of the engine.  For example, the ability of the 
spinner to withstand a bird impact should be assessed for the most critical parameters of 
the spinner.  This assessment should include bird size, bird velocity, target location, and 
rotor speed. 
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     b  Artificial Birds.  Artificial birds or devices which simulate the mass, shape, density, 
and impact effects of birds, and which are acceptable to the Administrator, may be used 
for the ingestion tests.
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     c.  Critical Impact Parameter (CIP).  The parameter is generally a function of such 
things as bird mass, bird velocity, fan/rotor speed, impact location, and fan/rotor blade 
geometry.  The state of maximum impact damage to the engine is relative to the ability to 
meet the criteria of § 33.76.  The CIP for most modern turbofan engines is fan blade 
leading edge stress, although other features or parameters may be more critical as a 
function of operating conditions or basic design.  For turboprop and turbojet engines, a 
core feature will most likely be the critical consideration.  Regardless of engine design, 
the most limiting parameter should be identified and understood prior to any 
demonstration, as any unplanned variations in controlling test parameters will be 
evaluated for the effect on the CIP and § 33.76 requirements. 
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         (1)  Example Considerations for Determining the CIP.  For turbofan first stage fan 
blades, increasing the bird velocity or bird mass will increase the slice mass, and could 
shift the CIP from leading edge stress to blade root stress.  For fan blades with part span 
shrouds, it may be blade deflection that produces shroud shingling and either thrust loss 
or a blade fracture that could be limiting.  For unshrouded wide chord fan blades it may 
be the twist of the blade in the dovetail that allows it to impact the trailing blade resulting 
in trailing blade damage. 
 
         (2)  CIP Tolerance.  For certification tests, the CIP variation should not be greater 
than 10% as a function of any deviations in test plan controlling parameters. 
 
     d.  Critical Test Parameters.  In conducting the analysis or component tests, or both, to 
determine the critical ingestion parameters, the applicant should consider related 
experience for the type and size of engine being evaluated, with particular attention to the 
types and causes of failures in that related experience. 
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e.  Engine Tests.  Engine tests should be conducted with a fully operational engine 
representative of the type design.  The normal functioning of any automatic protective or 
recovery systems not requiring pilot intervention is acceptable (including automatic 
power lever movement).  However, any such automatic systems may be required for 
dispatch (e.g., Master Minimum Equipment List) if such functions are necessary to meet 
the requirements of § 33.76.  The Applicant may also conduct the test(s) with any 
automatic systems in a functionally degraded state, if this does not constitute a less 
severe test. 
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     f.  Test Facilities.  The test facility should be appropriately calibrated to ensure that 
the controlling parameters defined by the analysis of the critical conditions (e.g., bird 
speed, aiming locations) are within an acceptable tolerance.  This tolerance band should 
be derived from an analysis of the sensitivity of the critical impact parameter to 
variations in the controlling parameters.  The band should be such that variation in the 
most critical impact parameter is not more than 10% resulting from any combination of 
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the controlling parameters (See paragraph 4. c. above).  Also, certain test facilities and 
installations may affect or reduce the stability margin of the engine due to airflow 
distortion attributed to the close proximity bird gun(s) to the engine inlet.  These effects 
must be identified prior to the test.  Power or thrust should be measured by a means 
which can be shown to have an accuracy within plus or minus 3% of the specified levels.  
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     g.  Turboprop/Turboshaft Engine Tests.  If turboprop or turboshaft engines are tested 
using an alternative load device which could induce different engine response 
characteristics compared to when the engine is coupled with a propeller or  as installed in 
the aircraft, the interface with the test facility or other aircraft or propeller systems should 
be monitored during the test.  These results should be used for determining how the 
engine would respond in a representative installation, and for ensuring that the engine 
would then comply with the requirements in § 33.76. 
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     h.  Aircraft/Engine Interface.  The Installation Manual required under § 33.5 should 
describe the engine/aircraft interfaces which could be affected by bird ingestion events.  
Of particular interest would be dynamic interactions such as automatic surge recovery, 
auto relight, or propeller auto feather. 
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     i.  Inlet Throat Area.  The Installation Manual required under § 33.5 should identify as 
an installation limitation the inlet throat area which was used to determine the quantity 
and weight of birds for the overall showing of compliance to § 33.76.  Section 
33.76(a)(2) contains the specific requirement for this installation limitation.  The 
applicant should take care in determining this value with respect to future models or 
installations, which may require a larger number or size of birds or both.  Note that the 
tables of bird quantities and weights within § 33.76 are based on inlet throat area, not the 
inlet highlight or engine front flange projected areas. 

203 
204 
205 
206 
207 
208 
209 
210 
211  

     j.  Derivative Engines and Major Design Changes.  For type certification of derivative 
engine models or major design changes to existing models, the required engine tests 
should be performed under the conditions of § 33.76, unless representative demonstration 
evidence acceptable to the Administrator is provided.  This substantiation evidence may 
come from the applicant's experience on engines of comparable size, design, 
construction, performance, and handling characteristics, obtained during previous 
certification testing, and may be supported by development or operational data.  Any 
parametric analysis used as compliance substantiation for type certification or for major 
design change approval, should fall within a 10% or less variation in the most critical 
impact parameter(s) identified for the baseline engine certification.  The critical impact 
parameter(s) is often associated with impact load at the point of bird and rotor blade 
contact.  This is generally a function of bird speed, rotor speed, and blade twist angle.  
This 10% variation on the critical impact parameter should not be assumed to be a direct 
tolerance on the applicants proposed changes to takeoff power or thrust ratings 
themselves. 
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    k. Fan Frame Struts and Bifurcation Strut Fairings: Main frame struts or bifurcation 
strut fairings may be exposed to bird debris impact from bird debris exiting the upstream 



                   
 

fan rotor. Additionally, these frame struts or strut fairings may house fuel, oil, hydraulic, 
or high pressure bleed air lines, or  wiring associated with the engine control system. The 
applicant should consider the potential for bird debris impact damage to these ducts such 
that sufficient strength exists to minimize damage to critical internal components in the 
event of impact to such structure. 
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SECTION 1 
LARGE SINGLE BIRD INGESTION 

 
5.  GUIDANCE FOR LARGE SINGLE BIRD INGESTION. 
 
     a.  For the purpose of the § 33.76 test, the complete loss of engine power or thrust 
after ingestion will be accepted.   
 
     b.  The most critical location on the first stage rotating blades may be determined from 
analysis or component tests, or both.  Determination of the most critical location to be 
considered should include evidence, where necessary, on: 
 
         (1)  the effect of the bird strike on rotating components, 
 
         (2)  the compressor casing strength, 
 
         (3)  the possibility of multiple blade failures, 
 
         (4)  the strength of the engine structure and main shafts relative to the unbalance 
and excessive torque likely to occur. 
 
     c.  When compliance with the requirements of § 33.94(a) is used in place of the large 
bird ingestion engine test, the demonstration that the § 33.94(a) test constitutes a more 
severe demonstration of rotor blade containment, rotor unbalance, fire protection 
consideration and mount load capability, should consider the engine dynamic response to 
a large bird ingestion event, and include, but not be limited to: 
 
         (1)  the effects of engine unbalance loads,  
 
         (2)  engine torque loads,  
 
         (3)  surge related loads, and  
 
         (4)  axial loads, resulting from the bird impact which are transmitted to the engine 
structure. 
 
     (d)  The 200 knots ingestion speed for the large bird requirement was selected as the 
optimum speed to accommodate, within a single demonstration, the various critical 
impact parameters (CIP) associated with typical turbofan engine designs currently in 



                   
 

service.  However, for a specific engine design, an ingestion speed other than 200 knots 
may be a more critical demonstration when considering the overall criteria of § 33.76(b).  
Therefore, if the applicant identifies and substantiates that a bird speed other than 200 
knots is more conservative or more completely evaluates the proposed design, then the 
tests and analyses required under § 33.76(b) may be conducted at that ingestion speed, 
and should be noted in the certification basis as an equivalent level of safety finding 
under§ 21.21(6)(1).  

276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 

287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

 
     (e)  All components considered to be part of the front of the engine must be evaluated 
under 33.76(a)(3) and 33.76(b)(3) 
 
 

SECTION 2 
SMALL AND MEDIUM FLOCKING BIRD INGESTION 

 
6.  GUIDANCE FOR SMALL AND MEDIUM FLOCKING  BIRD INGESTION. 
 
     a.  The applicant should identify the critical target locations for the small and medium 
bird ingestion tests required by § 33.76(c), and consider potential effects of assumed 
installations in the aircraft.  After targeting one bird for the most critical exposed 
location, the applicant should target any remaining birds in proportion to the fan face 
area, including the centerbody if applicable, to achieve an even distribution of birds over 
the face of the engine.  The even distribution of remaining birds should also include 
consideration of any additional critical locations.  Any critical locations not targeted may 
be evaluated separately by analysis or component testing, or both. 
 
     b.  In the tests performed under § 33.76(c), the engine is required to produce at least 
75% of takeoff power or thrust after ingestion of small and medium birds.  A momentary 
power or thrust drop (e.g., surge recovery) below this value may be acceptable as long as 
the duration does not exceed 3 seconds. 
 
     c.  The purpose of the sea level hot day corner point assessment under  
§ 33.76(a)(1), is to address both the loss of margins to operating limitations (e.g., exhaust 
or measured gas temperature,  rotor speeds, etc.), and also the influence of the engine 
control system limiters or controlling parameters on available power or thrust at the 
critical hot day corner point condition.  This post test analysis approach allows testing at 
takeoff power or thrust for actual test day conditions, and provides a uniform assessment 
of power loss against rated levels independent of the actual tests ambient conditions.  The 
assessment may be based on appropriate test, analysis, service events or combination 
thereof.  
  
     d.  Rig tests may be used to determine if a particular bird size will pass through the 
inlet and into the rotor blades. 
 
     e.  Thrust or power should be measured by a means which can be shown to be 
accurate throughout the test to enable the thrust or power to be set without undue delay 



                   
 

andmaintained to within plus or minus 3% of the specified levels.  If a sustained high 
vibration condition exists after the first 2 minutes of operation after the bird ingestion, 
then thrust or power may be varied as a protective measure within plus or minus 3% of 
the specified levels.  Alternative load devices of some test facilities such as waterbrakes, 
may be unable to control power within the plus or minus 3% tolerance.  This should be 
identified and approved prior to the test. 
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f.  Exceedences of engine operating limits are not expected to occur.  However, 
exceedences may be permitted to occur only during the first 2 minutes (reference  
§ 33.76(c)(7)(ii)) following the ingestion of the birds in the 20 minute run-on test.  Any 
limit exceedence(s) should be recorded, and it should be shown by evidence acceptable to 
the Administrator, that the limit exceedence(s) will not result in an unsafe condition 
(reference § 33.76(c)(10)).  This evidence may come from previous test or service 
experience, or analysis thereof.  Also, under such circumstances, the operating 
instructions, installation manual, and maintenance manual should be reviewed to assure 
that appropriate instructions are included within those documents, and that any such 
instructions are appropriately validated. 
 
g. All components considered to be part of the front of the engine must be evaluated 
under 33.76(a)(3) and 33.76(c)(6). 
 
 

SECTION 3 
LARGE FLOCKING BIRD INGESTION 

 
7. GUIDANCE FOR LARGE FLOCKING BIRD INGESTION 
 
a. In accordance with Section 33.76(d)(2), engine power or thrust will be stabilized at a 
specific first stage rotor speed value (e.g., fan speed, N1, etc.) that is independent of test 
day ambient conditions or actual power or thrust produced at the time of the test. This 
rotor speed value corresponds to that which would produce 90% of maximum Rated 
Takeoff Power or Thrust when the engine is operated on an ISA standard day at sea level. 
The definition of first stage rotor can be found in Section 3(d) of this AC.  
 
 
b. The applicant should select a target on the first exposed rotating stage or stages of the 
engine (e.g., fan) at a blade span airfoil height of 50% or further outboard as measured at 
the blade leading edge (see Figure 1). The specified target location is at the discretion of 
the applicant.. The use of ‘stage or stages’ is intended to allow for alternative designs 
such as rear mounted fans where each exposed stage will be evaluated independently.  
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Figure 1. Location of target point on the leading edge of the fan 
blade. A typical fan blade is illustrated.  

 
 
c. In the test performed under Section 33.76(d), the engine is required to run-on for a 
minimum of 20 minutes  per the required run on schedule after ingestion of a large 
flocking bird (see Figure 2). A momentary power or thrust drop below this value may be 
acceptable as long as the duration does not exceed 3 seconds. Also, momentary power or 
thrust drops (e.g., surge recovery) below specified values when setting power during the 
run-on demonstration specified in 33.76(d)(5) may also be acceptable as long as the 
duration(s) does not exceed 3 seconds. 
 
d. With respect to the run-on sequence specified in 33.76(d)(5): 
 

1) Segment (5)(i) is 1 minute in duration, and no movement of the power lever is 
allowed. Any power or thrust equal to or greater than 50% of maximum rated 
takeoff is acceptable.  
 
2) Segment (5)(ii) is 13 minutes in duration, and the thrust lever may be 
manipulated at the discretion of the applicant. During this portion of the test the 
applicant may set power or thrust where the engine can continue to operate for 
example to minimise exceedences and/or vibration, provided that no less than 
50% power or thrust is maintained. It is also permissible for the applicant to vary 
the power control lever at any time and to any extent at any rate within this period 
of time provided that no less than 50% power or thrust is maintained.  



                   
 

 391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 

3) The total time of the test may exceed 20 minutes due to the time used for 
accelerations and decelerations. 
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Figure 2. Run-on profile for large flocking bird test. 
 
e. Any analytical means used to support compliance with the large flocking bird 
requirement under either 33.76(d)(6) method, should be validated by evidence based on 
representative tests and should have demonstrated its capability to predict engine test 
results.  
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f. A subassembly test under the 33.76(d)(6)(ii) method should include all type design 
hardware which are considered significant to the outcome of the test. Potential examples 
include, but are not limited to, fan blades and their retention/spacer components, fan inlet 
and outlet (exit) guide vanes; spinners, fan disks and shafts; fan cases; frames; main 
bearings and bearing supports including frangible bearing assemblies or devices; and 
other critical parts. The intent is that a subassembly test should adequately represent the 
mechanical aspects of a type design engine during large flocking bird ingestion. The 
dynamic effects (and related operability concerns) noted in this section include, but are 
not limited to, surge and stall, flameout, limit exceedences, and any other considerations 
relative to the type design engine’s ability to comply with the requirements of 
33.76(d)(4)/(5). 
 
g. Engine operating limit exceedences may be permitted to occur during the  20 minute 
run-on. Any limit exceedence(s) should be recorded, and it should be shown by evidence 
acceptable to the Administrator, that the limit exceedence(s) will not result in an unsafe 
condition (reference section 33.76(d)(7)). This evidence may come from previous test or 
service experience, or analysis thereof. Also, under such circumstances, appropriate 
instructions should be included in the operating instructions, installation manual, and 
maintenance manual  
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DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

14 CFR Part  33 

[Docket No.  XX]          

Airworthiness Standards; Engine Bird Ingestion 

AGENCY:  Federal Aviation Administration (FAA), DOT. 

ACTION:  Notice of proposed rulemaking (NPRM). 

SUMMARY:  This document proposes to amend the FAA type certification standards for aircraft 

turbine engines with regard to bird ingestion capability.  The proposed standards reflect recent 

analysis of the flocking bird threat encountered in service by turbine powered aircraft, and would 

harmonize the FAA bird ingestion standards with those being drafted by the Joint Aviation 

Authorities (JAA).  The proposed changes would establish uniform bird ingestion standards for 

aircraft turbine engines certified by the United States under FAA standards and by the JAA 

countries under JAA standards, thereby simplifying airworthiness approvals for import and 

export. 

DATE:  Comments to be submitted on or before xx. 

ADDRESSES: 

FOR FURTHER INFORMATION CONTACT:  

SUPPLEMENTARY INFORMATION: 

-Comments Invited 

-Availability of NPRM’s 

-Background: 

Statement of Issue 491 

492 

493 

494 

495 

496 

 The FAA recently adopted new regulations within part 33 to better address the 

overall bird ingestion threat in service. These requirements were adopted, in part, as a 

response to NTSB Recommendation A-76-64, which recommended an increase in the level of 

bird ingestion capability for aircraft engines.  These requirements were adopted as 

Amendment 20 to part 33, Section 33.76, in September 2000. 



                   
 

 As part of the dispositioning of NPRM comments for that rulemaking, the FAA 

agreed to a further study of the bird threat, and to evaluate the need for further rulemaking 

to address flocking birds larger than those addressed under the new Section 33.76.  The 

actual comments to the NPRM in this regard stated that the threat from flocking birds with 

mass greater than 1.15 kg (2.5 lbs) was not covered by certification requirements, and that 

increasing populations of such large flocking birds could expand the threat posed by these 

size birds.  The comments suggested that FAA should consider adoption of an additional 

requirement to address this portion of the demonstrated threat to assure that future engine 

products will continue to operate safely. In response to these comments, the FAA tasked the 

ARAC to review available bird ingestion data for flocking birds with mass larger than 1.15 

kg (2.5 lbs), and to provide recommendations for rulemaking. The ARAC task was 

approved on May 24, 2001, and was assigned to the Engine Harmonization Working Group 
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(EHWG) of the Transport Airplane and Engine Issues Group (TAEIG) on November 7, 509 

2001. On [date] the TAEIG recommended that the FAA proceed with rulemaking to address 

the larger flocking bird threat with additional part 33 requirements. This NPRM reflects the 

ARAC recommendations for rulemaking in this regard. 
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Data Study 514 
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 As part of this ARAC project, the FAA sponsored a contract with industry 

to collect and analyze pertinent bird ingestion data. This work is summarized in 

FAA Report No. TBD. The historical bird threat and resulting impact to flight 

safety for a 30-year period through 1999 has been reviewed as part of this effort.  

The data collected represents the worldwide non-military service experience of 

small, medium and large turbofan and turbojet engines in service during that time 

period, except for aircraft manufactured or flown in the former Soviet Union and 

Eastern European block countries. This includes, for two, three and four engined 

aircraft, over 325 million aircraft departures and approximately 340 events 

involving ingestions of large flocking birds (over 1.15kg  [2.5 lbs. mass]).   
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Occurrences of loss of power on more than two engines are predicted to be 

extremely improbable based on the results of the data study.  It was therefore 

Terry Tritz
Is extremely improbably defined and therefore need to be capitalized?



                   
 

concluded that the hazard to be addressed with this revision to the rule should be 

the dual engine power loss, from this point referred to as multi-engine power loss. 
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After collection and review of the available data, an analysis was performed to characterize the 

threat and consequences of bird ingestion. As a result of that analysis, the ARAC group identified 

flocking bird encounter threats more severe than specifically addressed under current 33.76. Note 

that throughout the study, birds were identified by species, and once identified an average mass 

for that species was typically assigned. All references to bird mass reflect the average mass for the 

species classification. 

 

 Data study observations for turbine engines with inlet throat areas greater than 3.9 m2 are 

summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences involving 

birds greater than 1.15 kg (2.5 lb) have occurred; however, such events are currently 

predicted to occur at the rate of 1E-9 per aircraft flight hour based on the power-loss 

probabilities from smaller size engines.  This is a conservative number since the expected 

power loss probability for this size engine is expected to be better than the smaller 

engines. There was insufficient data for this size engine to calculate the probability at this 

size.  

2. There have not been any multi-engine ingestion events for bird classifications heavier  

than 1.15 kg (2.5 lb). 

 Data study observations for turbine engines with inlet throat areas between 3.5 and 3.9 

m2 are summarized as follows:  

1. No multi-engine power loss events with catastrophic aircraft consequences involving birds 

greater than 1.15 kg (2.5 lb) have occurred, however such events are currently predicted to occur 

at the rate of approximately 1.1E-9 per aircraft flight hour. 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg. (2.5 lbs. mass) have occurred at 

a rate of 7.4E-8 per aircraft flight hour. 

3. There have not been any multi-engine ingestion events for bird classifications heavier than 3.65 

kg (8 lbs.). 

 

              Data study observations for turbine engines with inlet areas between 2.5 and 3.5 m2 are 

summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences have occurred with 

birds greater than 1.15 kg (2.5 lb.), however such events are currently predicted to occur at the 

rate of 1.5E-9 per aircraft flight hour. 



                   
 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lbs.) have occurred at a rate of 

3.2E-8 per aircraft flight hour.  
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3. There have not been any multi-engine ingestion events for bird classifications heavier  

than 1.5 kg. (3.3 lbs.). 

 

Data study observations for turbine engines with inlet areas between 1.35 and 2.5 m2 are 

summarized as follows: 

1. No multi-engine power loss events with Catastrophic aircraft consequences have 

occurred with birds greater than 1.15 kg (2.5lb.), however such events are currently 

predicted to occur at the rate of 2.8E-10 per aircraft flight hour. 

2. No multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lb.) have occurred 

(one ground event did occur after landing). 

 

Data study observations for turbine engines with inlet areas between 0.40 and 1.35 

m2 are summarized as follows: 

1. One multi-engine power loss event involving a bird mass less than 1.15 kg (2.5 

lbs.) with catastrophic aircraft consequences has occurred for large transport 

airplanes, and four for business jet applications. 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lbs.) have 

occurred at a rate of  2.5 per aircraft flight hour for large transport aircraft.  Data 

for business jets were incomplete and therefore o rate was computed. 
3. There have not been any multi-engine ingestion events for bird classifications heavier than 3.65 kg. (8 

lbs.).  

 

Data study observations for turbine engines with an inlet area less than 0.40 m2 are summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences with birds greater than 1.15 

kg (2.5 lb.) have occurred in service.  No multi-engine power loss events involving a bird mass less than 

1.15 kg with catastrophic aircraft consequences have occurred involving transport category aircraft.  Of the 

data provided on business jets, three multi-engine power loss events involving a bird mass less than 1.15 

kg with catastrophic aircraft consequences have occurred.  

2. Transport category aircraft multi-engine ingestions of flocking birds (of all mass sizes) have been 

reported to occur at a rate of 3.2E-8 per engine hour. 

3. There have been no reported multi-engine ingestion events for bird classifications heavier than 1.15 kg 

(2.5 lbs. mass). 
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Based on the data review and analysis, the current requirements of 33.76, for all engine sizes, already 
support meeting the safety objective for medium birds, 1.15 kg and under. 
 
It was concluded from the data study that already certified designs may be predicted to result in a 

hazardous condition at a probability that is slightly higher than the chosen safety objective. Therefore, a 

test with the average mass of the largest flocking bird to be considered (3.65 kg. / 8 lbs.) at critical 

conditions would significantly over achieve the safety objective defined below.  As will be seen below, this 

conclusion has led to the acceptance of test parameters representative of in-service data.  

 

Proposed Rule Safety Objective 609 
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 Flocking birds may be ingested by more than one engine on the aircraft during one 

encounter.  The safety objective of this proposed rule is to define certification criteria such that the 

predicted rate of catastrophic aircraft events from multiple engine power loss due to multi-engine 

ingestion of flocking birds weighing greater than 1.15 kg (2.5 lbs.) and up to 3.65 kg (8 lbs.) does 

not exceed 1E-9 events per aircraft flight hour. A catastrophic aircraft event might occur when 

damage to the engines results in an unsafe condition as specified in § 33.75; or where insufficient 

total aircraft power, thrust or engine operability is retained  to provide adequate engine run-on 

capability to ensure continued safe flight and landing of the aircraft.  It is not possible to 

demonstrate by a single test that any given engine design will experience no more than one multi-

engine failure with catastrophic consequences to the aircraft due to ingestion of large flocking 

birds in 1E9 hours of fleet experience.  However, it is possible to design a requirement which will 

provide the basis for predicting that level of reliability on a fleet wide basis.  This statement is 

based on the following assumptions: 

   

 1) Current bird control standards for airport certification will be maintained.  

2) Airport operators, air traffic controllers, and pilots will maintain their current awareness of 

the bird ingestion threat. 

3) Any increase in the large flocking bird multi-engine ingestion rate over the next ten years 

will not exceed values estimated from the current bird growth rate observed in the data study.  

 

The safety objective for this proposed rule has been applied at the world fleet 

level.  The world fleet of turbine powered airplanes is comprised of two, three, and 

four engine airplanes. The large engine historical fleet experience of multiple 

engine ingestions is dominated by three and four engine airplane data, however 

two engine airplanes are likely to dominate the future fleet. This evolving situation 



                   
 

was considered within this rulemaking effort, with assumptions about future fleet 

makeup playing a role in the selection of the new requirements.  
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With respect to bird ingestion, differences between these aircraft types generally 

relate to either dual engine bird ingestion rate, or probability of hazardous 

consequence given an actual dual engine power loss. For example, twin engine 

airplanes will have a higher probability of hazardous consequence given an actual 

dual engine power loss; however their dual engine bird ingestion rate (and 

resulting power loss) is much lower than that of the three and four engine 

airplanes. On the other hand, three and four engine airplanes while having 

substantially higher rates of dual engine bird ingestion (and resulting powerloss), 

are less likely to suffer a hazardous consequence should a dual engine powerloss 

actually occur.  

 

A review of world fleet service data indicates that the higher rate of dual engine 

bird ingestion occurrences for three and four engine airplanes determines the rate 

for the entire fleet of large engines. This rulemaking is based on the current world 

fleet distribution of two, three, and four engine airplanes in determining the new 

requirements necessary to meet the safety objective.  Therefore, since the world 

fleet of large engines is becoming increasingly populated with two engine 

airplanes, this new rule will become more conservative and provide an even higher 

level of safety with respect to the dual engine bird ingestion threat to airplanes in 

service for these size engines. For small and medium size engines, the world fleet 

is overwhelmingly made up of twin engine airplanes. This situation is not likely to 

change over time. Therefore the multi-engine ingestion rate data reflects the 

current fleet makeup.  
 

Proposed Rule Parameter Selection 662 

663  



                   
 

To establish the test conditions that would satisfy the safety objective, it was 

determined that a probabilistic analysis would be necessary. The probability of a 

dual engine power loss given a dual engine ingestion involves considerations of 

dependent and independent conditions. There is dependence in that during a flock 

encounter, both engines are traveling at the same forward speed (that of the 

aircraft) and will be at the same power setting. The independent conditions involve 

the specifics of the actual impact of the bird with the engine. Because of the 

combination of dependent and independent conditions involved in the analysis, 

simple numeric relationships for determining dual engine power loss probabilities 

would not be appropriate. Therefore a Monte Carlo simulation was selected as the 

best tool to use for this probabilistic analysis.   The selection of appropriate values 

for the analysis and a description of the analysis techniques are given below. 
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 This proposal recognizes the need to design a test that is representative of in-service 

combinations of critical ingestion parameters. Therefore, engine ingestion parameters for actual 

events resulting in sustained power loss were evaluated. The most critical parameters that affect 

power loss have been found to be bird mass, bird velocity, impact location, and engine power 

setting. Since testing for all possible combinations of parameters is impractical, it has been 

necessary to derive a single certification test demonstration that will support meeting the safety 

objective. Definition of this test demonstration has been accomplished by using a Monte Carlo 

statistical analysis to show that the demonstration covers a sufficient percentage of possible 

critical parameter combinations so as to support meeting the safety objective for birds in the 1.15 

kg. (2.5 lbs.) to 3.65 kg. (8lbs.) mass range. 

 

The data study was used to determine the probability of a catastrophic consequence to an aircraft 

in order to define a test that would be likely to achieve the aircraft level fleet safety objective. The 

single engine ingestion rate and multiple engine ingestion (MEI) rates for birds with mass greater 

than 1.15 kg. (2.5 lbs.) were taken from the data, along with the fleet average flight length of 3.2 

hours for large engine installations, and 1.7 hours for small and medium engine installations.  

From historical accident/incident service data, an aircraft Hazard Ratio (HR; the number of 

aircraft accidents divided by the number of dual engine power losses was determined as described 

below. A dual engine powerloss is an event where at least two engines on an aircraft have a 

combined thrust loss greater than the maximum thrust of one engine.  The MEI rate, average flight 



                   
 

length and HR were analyzed to establish test parameters and conditions that would be consistent 

with the safety objective. 
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Hazard Ratio: 

To establish the Hazard Ratio, a list containing multiple engine power loss events was provided by the 

FAA. This list included the following 

1) FAA data showing a hazard ratio for twin engine aircraft alone at 0.33 and all aircraft events at 0.07;  

2) The AIA Propulsion Committee report (PC342, in support of CAAM) which documented a hazard ratio 

of 0.07.  

3) Boeing supplied data of large high bypass ratio engines documenting a hazard ratio of 0.05.  

 A hazard ratio of 0.18 was selected for all engines.  This hazard ratio was accepted as being appropriate 

for the specific data set being utilized. Statistical confidence bands of 75% and 90% on each data category 

were tabulated for comparison and yielded a similar result, giving confidence in the value selected. For 

consistency with this single hazard ratio, a standard mix of 75% twins and 25% quads (based on aircraft 

flights) was applied to all engine size classes. 

 

 

 

 

 

Monte Carlo Analysis: 

 

Several simulations were run to establish the single engine failure probability, 

given a large flocking bird ingestion that would produce a dual engine power loss 

probability within the safety objective.  An arithmetic calculation working 

backwards from the safety objective then established a multiple engine power loss 

rate that would satisfy the safety objective. The simulations involved inputting 

bird strike impact energy into the first stage rotor in accordance with variations of 

the above input parameters determined by service data probability curves. Initial 

simulations defined a parameter boundary created by the current and proposed 

certification requirements (independent of fan blade design) that would meet the 



                   
 

safety objective. Other simulations input structural features from current in-service 

fan blades that have demonstrated acceptable bird ingestion capability; or input 

structural characteristic maps of new design fan blades.  
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The Monte Carlo simulation used as random inputs:  

1) takeoff or approach phase ingestion probabilities established from the 

data study. The data study showed a 50/50 split between takeoff and 

approach encounters,   

2)  engine takeoff first stage rotor speed  based on actual service data,  

3)  impact on the engine fan face based on area,  

4)  aircraft forward speed based on actual service data. 

 5)  the bird size based on a probability distribution established from the 

data study for birds greater than 1.15 kg. (2.5 lbs.) but less than or equal to 3.65 

kg. (8 lbs.). 

 
The Monte Carlo simulation also accounted for installation effects at the fan blade tip (tip shielding). An 

installed engine has the proximity of the nacelle structure, particularly the inlet cowl that reduces the 

exposure of the fan blade tip to direct impact by large birds. The reduction in exposed diameter is close to 

10% but varies slightly with engine diameter.  

 

The engine structure considered consists of any inlet structure that can be impacted by an ingested bird, to 

include but not be limited to inlet guide vanes, spinners, and fairings. Static engine inlet structure that 

would be certified as part of the engine, and which could be impacted by a bird prior to the bird impacting 

the first rotating stage of an engine compressor was also evaluated in the analysis.  Of particular interest 

was the fan fairing (e.g., spinner or bullet nose), that directs inlet air around the fan hub into the core or fan 

bypass airflows. With current technology, this fairing is approximately one third of the diameter of the fan, 

which is approximately 11% of the fan area. The data shows that this fairing is impacted in service by birds 

in proportion to its area. The data also shows that fairings certified with engines to the requirements of 

FAR 33.77 Amendment 6 have not caused an engine power loss from impacts due to birds of any size, 

including large flocking birds. The current requirement of FAR 33.76 requires that the fairing demonstrate 

capability for 1.15 kg. (2.5 lbs.) birds at the critical location at 250 knots impact velocity.  The 

requirements for the fairing, with conservative allowance for the size of the critical area of the fairing, were 



                   
 

input into the Monte Carlo analysis. The Monte Carlo analysis included impacts to the fairing as well as the 

fan blades for the overall evaluation. The Monte Carlo analysis results showed that the safety target could 

be met for inlet components meeting the current requirements of 33.76. It was therefore accepted that the 

current requirements of FAR 33.76 provide adequate standards, and that no additional rule making is 

required for these classes of components. However it was decided to revise the Advisory Circular to clarify 

and stress what the current requirements and acceptable methods of compliance are for inlet components.  
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The various methods of Monte Carlo simulation were in general agreement, thereby providing an 

independent cross-check that the proposed rule requirements can support achieving the safety objective. 

 

Test Conditions: 

 

The following test conditions have been established from the above: 

 

Power/Thrust & Rotor Speeds: The first stage of rotating blades of the engine is the feature of a 

typical turbine engine most susceptible to damage from large flocking birds, and which can result 

in loss of engine power. It was shown that selecting a first stage rotor rotational speed that most 

engines were likely to be at during takeoff would support meeting the safety objective. Analysis 

of manufacturer collected service data, which includes de-rated thrust operations for the world 

fleet, showed that this first stage rotor speed, on a fleet average basis, corresponds to 90% of 

maximum rated takeoff power or thrust on an ISA standard day. It was therefore established that 

the thrust or power setting for the test demonstration would be based on first stage rotor speed 

itself, which will be equal to a rotor speed that corresponds to engine operation at 90% of 

maximum rated takeoff power or thrust on an ISA standard day. 

 

Bird Velocity: The velocity of the bird during the test represents the velocity of the aircraft at the 

time of ingestion. Ingestions that occur at speeds lower than flight speeds result in rejected 

takeoffs and therefore are a lesser hazard to the aircraft. Flight speeds at altitudes where large 

flocking birds are most encountered range between 150 and 250 knots. Damage to an engine due 

to a bird ingestion results from a combination of parameters that include ingestion speed, first 

stage rotor speed and location of impact on the rotor blade span. For many designs, analysis 

showed that a bird speed less than 250 knots is generally more conservative. The data shows that 

the most representative aircraft speed for encounters with large flocking birds is approximately 

200 knots and it was therefore established that this would be the impact speed for the test 

demonstration.   

 



                   
 

Target Location: The Monte Carlo simulations have shown that a test with bird impact at 50% fan 

blade height or greater will support attainment of the required safety objective in conjunction with 

the other test parameters described above. This aspect of the overall analysis assumes that the first 

stage blades will be more capable inboard of the 50% location than outboard, and that core 

ingestion capability is adequately addressed under the medium bird requirements. 
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Run-on: The purposes of the run-on demonstration are to show that the engine is capable of 

providing sufficient power, thrust and operability after the ingestion to continue a take-off, initial 

climb, and perform one air turnback, with a safe return for landing. It was considered that current 

procedures recommended by the aircraft manufacturers and the regulators, following an engine 

malfunction, is for flight crews to concentrate on flying the aircraft without throttle manipulation, 

regardless of the nature of an engine malfunction, until an altitude of at least 400 ft is reached. It 

was considered that ingestion of large flocking birds could damage the engines such that 

maneuvering the aircraft to a safe landing would be executed at high priority. Also it was 

considered that the aircraft would have to be flown in a manner such that flight crews could 

maintain the aircraft on glide slope. The run on time for the large flocking bird ingestion test has 

therefore been set at a minimum of 20 minutes (as for the medium bird test), with the initial 

minute after ingestion with no throttle manipulation where the engine must produce more than 

50% maximum rated thrust, thirteen minutes where the engine is to maintain no less than 50% 

maximum rated thrust, but the throttle may be manipulated, to provide opportunity for the aircraft 

to establish itself in a return approach attitude, then a 5 minute period at approach thrust with a 

one minute thrust bump to demonstrate that a flight crew could establish approach thrust and 

manipulate the throttle sufficient to maintain glide slope during approach and landing. There is a 

final minute where the engine is to demonstrate that it can be brought safely to ground idle and 

shutdown. 

 
Bird Mass/Weight: For engines with inlet throat area greater than 3.9 m2 (6045 sq. in.), a bird size 

of 2.5 kg. (5.5 lbs.) is representative of the average Snow Goose, one of the species identified as a 

key large flocking bird threat. The analysis shows that a 2.5 kg. (5.5lbs.) bird for the certification 

requirement, tested at the conditions specified, provides mitigation of the risk for bird masses 

greater than 1.15 kg. (2.5 lbs.) and up to 3.65kg (8lb) at the current and projected threat based on 

dual engine ingestion rates. The demonstration using a 2.5 kg. (5.5 lbs.) bird at the conditions 

specified, establishes the capability level of the blade at a location on the blade that represents a 

minimum of half of the exposed area of the first stage rotating blades. The probabilistic 

assessment using the Monte Carlo as described using the demonstrated capability level showed 



                   
 

that the safety objective was met. 
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For engines with an inlet throat area between 3.5-3.9 m2 (5425-6045 sq. in.), it was determined 

that a large flocking bird demonstration with a 2.1 kg (4.63 lbs.) bird would be required to meet 

the safety goal. 

 

For engines with an inlet throat area between 2.5-3.5 m2 (3875-5425 sq. in.), it was determined 

that a large flocking bird demonstration with a 1.85 kg (4.08 lbs.) bird would be required to meet 

the safety goal. 

 

For engines with an inlet throat area of 2.5 m2 (3875 sq. in.) or less, the data review and analysis showed 

that the current requirements of 33.76 (for these size engines) already supports meeting the safety objective 

proposed for this rulemaking. Therefore, the current requirements of 33.76 for engines with inlet throat 

areas of 2.5m2 (3875 in2) or less will remain unchanged. 

 

Conclusion 845 
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 The task group concluded that the proposed rule would support achieving the target level 

of safety against the currently identified large flocking bird threat. 

 

It should be noted that the EHWG has also issued recommendations on the need to control Snow 

and Canada geese populations and their movements near airports. The ARAC TAEIG received 

these recommendations on December 4, 2001 (EHWG letter dated November 13, 2001). These 

strengthened requirements for the certification of the engines may not be adequate to attain the 

safety goal if the numbers of these birds or their movements significantly increases compared to 

the present situation. 

 

This proposed regulation may have safety significance with respect to the requirements of Section 

21.101, Designation of Applicable Regulations for Changes to Type Certificates.  

 

General Discussion of the Proposals 

Section 33.76 861 

862 
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 The proposed revision to § 33.76 would add a new requirement for larger flocking birds 

to the existing regulation. This proposal was developed by the EHWG, and contains substantial 

common language between part 33 and JAR-E.  

Paperwork Reduction Act 



                   
 

 As there are no requirements for information collection associated with this proposed 

rule, no analysis of paperwork requirements is required under the Paperwork Reduction Act of 

1995 (44 U.S.C. 3501 
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et seq.). 868 
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Regulatory Evaluation Summary 

 Four principal requirements pertain to the economic impacts of changes to the Federal 

regulations.  First, Executive Order 12866 directs Federal agencies to promulgate new regulations 

or modify existing regulations after consideration of the expected benefits to society and the 

expected costs.  The order also requires federal agencies to assess whether a proposed rule is 

considered a “significant regulatory action.”  Second, the Regulatory Flexibility Act of 1980 

requires agencies to analyze the economic impact of regulatory changes on small entities.  Third, 

the Office of Management and Budget directs agencies to assess the effect of regulatory changes 

on international trade.  Finally, Public Law 104-4 requires federal agencies to assess the impact of 

any federal mandates on state, local, tribal governments, and the private sector. 

In conducting these analyses, the FAA has determined that this proposed rule would generate 

cost-savings that would exceed any costs, and is not “significant” as defined under section 3 (f) of 

Executive Order 12866 and DOT policies and procedures (44 FR 11034, February 26, 1979).  In 

addition, under the Regulatory Flexibility Determination, the FAA certifies that this proposal 

would not have a significant impact on a substantial number of small entities.  Furthermore, this 

proposal would not impose restraints on international trade.  Finally, the FAA has determined that 

the proposal would not impose a federal mandate on state, local, or tribal governments, or the 

private sector of $100 million per year.  These analyses, available in the docket, are summarized 

below. 

 

Cost and Benefits 889 

890  

International Trade Impact Analysis 891 

892 
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 The proposed rule would have little or no affect on international trade for either U.S. 

firms marketing turbine engines in foreign markets or foreign firms marketing turbine engines in 

the U.S. 

 

Regulatory Flexibility Determination 896 

 The Regulatory Flexibility Act of 1980 establishes "as a principle of 897 

regulatory issuance that agencies shall endeavor, consistent with the 898 

objectives of the rule and of applicable statutes, to fit regulatory and 899 

informational requirements to the scale of the businesses, organizations, 900 



                   
 

and governmental jurisdictions subject to regulation."  To achieve that 901 

principle, the Act requires agencies to solicit and consider flexible 902 

regulatory proposals and to explain the rationale for their actions.  The Act 903 

covers a wide range of small entities, including small businesses, not-for-904 

profit organizations, and small governmental jurisdictions. 905 

906 

907 

908 
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911 

912 

913 

914 

915 

 Agencies must perform a preliminary analysis of all proposed rules to determine whether 

the rule will have a significant economic impact on a substantial number of small entities; if the 

determination is that it will, the agency must prepare an initial regulatory flexibility analysis 

(RFA). 

 However, if after a preliminary analysis for a proposed or final rule, an agency 

determines that a rule is not expected to have a significant economic impact on a substantial 

number of small entities, Section 605(b) of the Act provides that the head of the agency may so 

certify.  The certification must include a statement providing the factual basis for this 

determination, and the reasoning should be clear. 

 The FAA conducted the required preliminary analysis of this proposal and determined...  

Federalism Implications 916 
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929 

930 

931 

932 

933 

934 

935 

 The regulations proposed herein would not have substantial direct affects on the States, 

on the relationship between the national government and the States, or on the distribution of 

power and responsibilities among the various levels of government; and would not impose 

substantial direct compliance costs on States or local governments.  Therefore, in accordance with 

Executive Order 12612, it is determined that this proposal would not have sufficient federalism 

implications to require consultation with representatives of affected States and local governments. 

 In addition, the regulations proposed herein would not significantly or uniquely affect the 

communities of the Indian tribal governments and would not impose substantial direct compliance 

costs on such communities.  Therefore, in accordance with Executive Order 13084, it is 

determined that this proposal would not require consultation with representatives of affected 

Indian tribal governments. 

 

Environmental Assessment 

FAA Order 1050.1D defines FAA actions that may be categorically excluded from preparation of 

a National Environmental Policy Act (NEPA) environmental assessment (EA) or environmental 

impact statement (EIS).  In accordance with FAA Order 1050.1D, appendix 4, paragraph 4(j), 

regulations, standards, and exemptions (excluding those, which if implemented may cause a 

significant impact on the human environment) qualify for a categorical exclusion.  The FAA has 

determined that this rule qualifies for a categorical exclusion because no significant impacts to the 



                   
 

environment are expected to result from its finalization or implementation.  In accordance with 

FAA Order 1050.1D, paragraph 32, the FAA has determined that there are no extraordinary 

circumstances warranting preparation of an environmental assessment for this proposed rule. 
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List of Subjects in 14 CFR Part 33 

 Air transportation, Aircraft, Aviation safety, Safety. 

The Proposed Amendment 

 In consideration of the foregoing, the Federal Aviation Administration proposes to 

amend part  33 of Title 14, Code of Federal Regulations as follows: 

PART 33 - AIRWORTHINESS STANDARDS:  AIRCRAFT ENGINES 

 1.  The authority citation for part 33 continues to read as follows: 

 Authority:  49 U.S.C. 106(g), 40113, 44701, 44702, 44704. 

 2.  Section 33.76 is revised to read as follows: 

33.76 BIRD INGESTION 
 
(a) General. Compliance with paragraphs (b), (c), and (d) of this section shall be in accordance with the 

following: 
 
(1) Except as specified in paragraph (d) of this section, all ingestion tests shall...*** 
(2) *** 
(3) The impact to...conditions prescribed in paragraphs (b), (c) or (d) of this  

section... cannot comply with the requirements of paragraphs (b)(3) and (c)(6) and (d)(4) of this 
section. 

(4) *** 
(5)  Objects that …. paragraphs (b), (c) and (d) of this section. 
(6) *** 

(b) Large single birds. Compliance with...*** 
 
(c) Small and medium flocking birds. Compliance with...*** 
 
(d) Large flocking bird. An engine test will be carried out at the conditions specified below:  
 

(1) Large flocking bird engine tests will be conducted using the bird mass/weights in Table 4, 
and ingested at a bird velocity of 200 knots. 
 

(2)  Prior to the ingestion, the engine must be stabilized at no less than the mechanical rotor 
speed of the first exposed stage or stages that, on an ISA standard day, would produce 90% of 
the sea level static Maximum Rated Takeoff  Power or Thrust. 
 

(3) The bird must be targeted on the first exposed rotating stage or stages at a blade airfoil height 
of not less than 50% measured at the leading edge. 
 

(4) Ingestion of a large flocking bird under the conditions prescribed in this paragraph must not 
cause any of the following: 
 
i) A sustained reduction of power or thrust to less than 50% Maximum Rated Takeoff Power 
or Thrust during the run-on segment specified under Section (5)(i). 
 
(ii) The engine to be shutdown during the required run-on demonstration prescribed in 
paragraph (5) of this section. 



                   
 

 
(iii) The conditions defined in paragraph 33.76(b)(3) of this section.  
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(5) The following test schedule shall be used: 
 

(i) Ingestion followed by 1 minute without power lever movement. 
 

(ii) Followed by 13 minutes at not less than 50% of Maximum Rated Takeoff Power or 
Thrust.  
 

(iii) Followed by 2 minutes between 30 and 35% of Maximum Rated  
Takeoff Power or Thrust. 
 

(iv) Followed by 1 minute with power or thrust increased from that set in (5)(iii) by 
between 5% and 10% of Maximum Rated Takeoff Power or Thrust. 
 

(v) Followed by 2 minutes with power or thrust reduced from that set in (5)(iv) by 
between 5% and 10% of Maximum Rated Takeoff Power or Thrust. 
 

(vi) Followed by a minimum of 1 minute at ground idle then engine shutdown. 
 

The durations specified are times at the defined conditions. Power lever 
movement between each condition will be 10 seconds or less, except that 
power lever movements allowed within (5)(ii) are not limited, and for 
setting power under (5)(iii) will be 30 seconds or less. 
 
(6)  Compliance with the large flocking bird ingestion requirements of this paragraph may also 

be shown by: 
 
(i) Incorporating the requirements of 33.76(d)(4)/(5) into the single large bird test 
demonstration specified in section 33.76(b)(1); or,  
 
(ii) Use of an engine subassembly test at the ingestion conditions specified in section 
33.76(b)(1) if: 
 

1. All components critical to complying with the requirements of 33.76(d) are included in 
the subassembly test; and 
 
2. The components of (1) are installed in a representative engine for a run-on 
demonstration in accordance with 33.76(d)(4)/(5); except 33.76(d)(5),(i) is deleted and 
(ii) must be 14 minutes in duration after the engine is started and stabilized and 
 
3. Dynamic effects that would have been experienced during a full engine ingestion test 
can be shown to be negligible with respect to meeting the requirements of 
33.76(d)(4)/(5). 

 
(7) If any engine operating limit(s) is exceeded during the run on period then it shall be 
established that the limit exceedence(s) will not result in an unsafe condition. 
 

Table 4 to Section 33.76 – Large Flocking Bird Mass/Weight 
 

Engine Inlet Throat Area m2(in2) Bird Quantity Bird Mass/Weight kg.(lbs.) 
 



                   
 

A < 2.50  (3875) None -- 
2.50 < A < 3.50  (5425) 1 1.85 kg (4.08 lbs.) 
3.50 ≤ A < 3.90 (6045) 1 2.10 (4.63lbs.) 
3.90 (6045) ≤ A 1 2.50 (5.51 lbs.) 

Issued in Washington, DC, on  1036 

1037 

1038 

Director, Aircraft Certification Service. 
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1.  PURPOSE.  This advisory circular (AC) provides guidance and acceptable methods, 
but not the only methods, that may be used to demonstrate compliance with the bird 
ingestion requirements of § 33.76 of the Federal Regulations, Title 14 of the Code of 
Federal Regulations.  Although this AC does refer to regulatory requirements that are 
mandatory, this AC is not, in itself, mandatory.  This AC neither changes any regulatory 
requirements nor authorizes changes in or deviations from the regulatory requirements. 
 
2.  BACKGROUND. 
 
     a.  This effort was adopted as a part 33 and Joint Aviation Regulations for engines 
(JAR-E) harmonization project and was selected as an Aviation Rulemaking Advisory 
Committee (ARAC) project. 
 
     b.  This AC provides information and guidance that addresses Federal Aviation 
Administration (FAA) type certification standards for aircraft turbine engines with regard 
to bird ingestion.  The requirements under § 33.76 reflect recent analysis of the bird 
threat encountered in service by turbine engine powered aircraft.   
 
3.  DEFINITIONS.  For the purpose of this AC, the following definitions apply: 
 
     a.  Ingestion.  Ingestion is defined as the passage of a bird into the engine inlet and/or 
impact with engine structure.   

86 
87 
88  

     b.  Front of the Engine.  The front of the engine is characterized as any part of the 
engine which can be struck by a bird.  This includes, but is not limited to, the following: 

89 
90 
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         (1) inlet mounted components,  92 
93 
94 
95 
96 
97 
98 
99 

100 
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102 
103 

 
         (2) nose cone,  
 
         (3) spinner (centerbody) on the fan or compressor rotor,  
 
         (4) engine inlet guide vane assemblies, 
 
         (5) any engine protection device, and 
 
         (6) fan or compressor blades (including front and aft fan designs).  
 
     c.  Minimum Engine.  A minimum engine is defined as a new engine that exhibits the 
type design's most limiting operating parameter(s), with respect to the bird ingestion 
conditions prescribed in this AC.  These operating parameters include, but are not limited 
to, power or thrust, turbine temperature, and rotor speed. 
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     d.  First Stage Rotating Blades.  The term "first stage rotating blades" includes the first 
of the exposed stages of any fan or compressor rotor which are susceptible to a bird strike 
or bird ingestion.  These first stage rotating blades are considered to be part of the front 
of the engine, as defined in paragraph (3)(b).  This definition encompasses ducted, 
unducted and aft fan engine designs.  In these latter cases, blading on multiple rotors (i.e., 
primary and secondary airflow paths) should be considered separately when complying  

109 
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with § 33.76. 
 
     e.  Critical Impact Parameter (CIP).  A parameter used to characterize the state of 
stress, strain, deflection, twist, or other condition which will result in the maximum 
impact damage to the engine for the prescribed bird ingestion condition.
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     f.  Inlet Throat Area.  The inlet throat area is the installation limitation on projected 
capture area of the engine inlet nacelle at its minimum inside diameter. 

121 
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     g. Airspeed for Normal Flight Operations. Normal flight operations with respect to 
airspeed refers to the range of airspeed values that is allowed under normal circumstances 
by existing air traffic control regulations. 
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4.  GENERAL.  The intent of § 33.76 is to require an applicant to demonstrate that the 
engine is designed and constructed to be structurally and operationally tolerant, to the 
degree specified, following the defined bird ingestion events.  
 
     a.  Front of the Engine.  The applicant should assess the bird impact to the critical 
parameters of the components at the front of the engine.  For example, the ability of the 
spinner to withstand a bird impact should be assessed for the most critical parameters of 
the spinner.  This assessment should include bird size, bird velocity, target location, and 
rotor speed. 

132 
133 
134 
135 
136 
137  



                   
 

     b  Artificial Birds.  Artificial birds or devices which simulate the mass, shape, density, 
and impact effects of birds, and which are acceptable to the Administrator, may be used 
for the ingestion tests.
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     c.  Critical Impact Parameter (CIP).  The parameter is generally a function of such 
things as bird mass, bird velocity, fan/rotor speed, impact location, and fan/rotor blade 
geometry.  The state of maximum impact damage to the engine is relative to the ability to 
meet the criteria of § 33.76.  The CIP for most modern turbofan engines is fan blade 
leading edge stress, although other features or parameters may be more critical as a 
function of operating conditions or basic design.  For turboprop and turbojet engines, a 
core feature will most likely be the critical consideration.  Regardless of engine design, 
the most limiting parameter should be identified and understood prior to any 
demonstration, as any unplanned variations in controlling test parameters will be 
evaluated for the effect on the CIP and § 33.76 requirements. 

142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 

 
         (1)  Example Considerations for Determining the CIP.  For turbofan first stage fan 
blades, increasing the bird velocity or bird mass will increase the slice mass, and could 
shift the CIP from leading edge stress to blade root stress.  For fan blades with part span 
shrouds, it may be blade deflection that produces shroud shingling and either thrust loss 
or a blade fracture that could be limiting.  For unshrouded wide chord fan blades it may 
be the twist of the blade in the dovetail that allows it to impact the trailing blade resulting 
in trailing blade damage. 
 
         (2)  CIP Tolerance.  For certification tests, the CIP variation should not be greater 
than 10% as a function of any deviations in test plan controlling parameters. 
 
     d.  Critical Test Parameters.  In conducting the analysis or component tests, or both, to 
determine the critical ingestion parameters, the applicant should consider related 
experience for the type and size of engine being evaluated, with particular attention to the 
types and causes of failures in that related experience. 
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e.  Engine Tests.  Engine tests should be conducted with a fully operational engine 
representative of the type design.  The normal functioning of any automatic protective or 
recovery systems not requiring pilot intervention is acceptable (including automatic 
power lever movement).  However, any such automatic systems may be required for 
dispatch (e.g., Master Minimum Equipment List) if such functions are necessary to meet 
the requirements of § 33.76.  The Applicant may also conduct the test(s) with any 
automatic systems in a functionally degraded state, if this does not constitute a less 
severe test. 
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     f.  Test Facilities.  The test facility should be appropriately calibrated to ensure that 
the controlling parameters defined by the analysis of the critical conditions (e.g., bird 
speed, aiming locations) are within an acceptable tolerance.  This tolerance band should 
be derived from an analysis of the sensitivity of the critical impact parameter to 
variations in the controlling parameters.  The band should be such that variation in the 
most critical impact parameter is not more than 10% resulting from any combination of 
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the controlling parameters (See paragraph 4. c. above).  Also, certain test facilities and 
installations may affect or reduce the stability margin of the engine due to airflow 
distortion attributed to the close proximity bird gun(s) to the engine inlet.  These effects 
must be identified prior to the test.  Power or thrust should be measured by a means 
which can be shown to have an accuracy within plus or minus 3% of the specified levels.  
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     g.  Turboprop/Turboshaft Engine Tests.  If turboprop or turboshaft engines are tested 
using an alternative load device which could induce different engine response 
characteristics compared to when the engine is coupled with a propeller or  as installed in 
the aircraft, the interface with the test facility or other aircraft or propeller systems should 
be monitored during the test.  These results should be used for determining how the 
engine would respond in a representative installation, and for ensuring that the engine 
would then comply with the requirements in § 33.76. 
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     h.  Aircraft/Engine Interface.  The Installation Manual required under § 33.5 should 
describe the engine/aircraft interfaces which could be affected by bird ingestion events.  
Of particular interest would be dynamic interactions such as automatic surge recovery, 
auto relight, or propeller auto feather. 
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     i.  Inlet Throat Area.  The Installation Manual required under § 33.5 should identify as 
an installation limitation the inlet throat area which was used to determine the quantity 
and weight of birds for the overall showing of compliance to § 33.76.  Section 
33.76(a)(2) contains the specific requirement for this installation limitation.  The 
applicant should take care in determining this value with respect to future models or 
installations, which may require a larger number or size of birds or both.  Note that the 
tables of bird quantities and weights within § 33.76 are based on inlet throat area, not the 
inlet highlight or engine front flange projected areas. 
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     j.  Derivative Engines and Major Design Changes.  For type certification of derivative 
engine models or major design changes to existing models, the required engine tests 
should be performed under the conditions of § 33.76, unless representative demonstration 
evidence acceptable to the Administrator is provided.  This substantiation evidence may 
come from the applicant's experience on engines of comparable size, design, 
construction, performance, and handling characteristics, obtained during previous 
certification testing, and may be supported by development or operational data.  Any 
parametric analysis used as compliance substantiation for type certification or for major 
design change approval, should fall within a 10% or less variation in the most critical 
impact parameter(s) identified for the baseline engine certification.  The critical impact 
parameter(s) is often associated with impact load at the point of bird and rotor blade 
contact.  This is generally a function of bird speed, rotor speed, and blade twist angle.  
This 10% variation on the critical impact parameter should not be assumed to be a direct 
tolerance on the applicants proposed changes to takeoff power or thrust ratings 
themselves. 
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    k. Fan Frame Struts and Bifurcation Strut Fairings: Main frame struts or bifurcation 
strut fairings may be exposed to bird debris impact from bird debris exiting the upstream 



                   
 

fan rotor. Additionally, these frame struts or strut fairings may house fuel, oil, hydraulic, 
or high pressure bleed air lines, or  wiring associated with the engine control system. The 
applicant should consider the potential for bird debris impact damage to these ducts such 
that sufficient strength exists to minimize damage to critical internal components in the 
event of impact to such structure. 
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SECTION 1 
LARGE SINGLE BIRD INGESTION 

 
5.  GUIDANCE FOR LARGE SINGLE BIRD INGESTION. 
 
     a.  For the purpose of the § 33.76 test, the complete loss of engine power or thrust 
after ingestion will be accepted.   
 
     b.  The most critical location on the first stage rotating blades may be determined from 
analysis or component tests, or both.  Determination of the most critical location to be 
considered should include evidence, where necessary, on: 
 
         (1)  the effect of the bird strike on rotating components, 
 
         (2)  the compressor casing strength, 
 
         (3)  the possibility of multiple blade failures, 
 
         (4)  the strength of the engine structure and main shafts relative to the unbalance 
and excessive torque likely to occur. 
 
     c.  When compliance with the requirements of § 33.94(a) is used in place of the large 
bird ingestion engine test, the demonstration that the § 33.94(a) test constitutes a more 
severe demonstration of rotor blade containment, rotor unbalance, fire protection 
consideration and mount load capability, should consider the engine dynamic response to 
a large bird ingestion event, and include, but not be limited to: 
 
         (1)  the effects of engine unbalance loads,  
 
         (2)  engine torque loads,  
 
         (3)  surge related loads, and  
 
         (4)  axial loads, resulting from the bird impact which are transmitted to the engine 
structure. 
 
     (d)  The 200 knots ingestion speed for the large bird requirement was selected as the 
optimum speed to accommodate, within a single demonstration, the various critical 
impact parameters (CIP) associated with typical turbofan engine designs currently in 



                   
 

service.  However, for a specific engine design, an ingestion speed other than 200 knots 
may be a more critical demonstration when considering the overall criteria of § 33.76(b).  
Therefore, if the applicant identifies and substantiates that a bird speed other than 200 
knots is more conservative or more completely evaluates the proposed design, then the 
tests and analyses required under § 33.76(b) may be conducted at that ingestion speed, 
and should be noted in the certification basis as an equivalent level of safety finding 
under§ 21.21(6)(1).  
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     (e)  All components considered to be part of the front of the engine must be evaluated 
under 33.76(a)(3) and 33.76(b)(3) 
 
 

SECTION 2 
SMALL AND MEDIUM FLOCKING BIRD INGESTION 

 
6.  GUIDANCE FOR SMALL AND MEDIUM FLOCKING  BIRD INGESTION. 
 
     a.  The applicant should identify the critical target locations for the small and medium 
bird ingestion tests required by § 33.76(c), and consider potential effects of assumed 
installations in the aircraft.  After targeting one bird for the most critical exposed 
location, the applicant should target any remaining birds in proportion to the fan face 
area, including the centerbody if applicable, to achieve an even distribution of birds over 
the face of the engine.  The even distribution of remaining birds should also include 
consideration of any additional critical locations.  Any critical locations not targeted may 
be evaluated separately by analysis or component testing, or both. 
 
     b.  In the tests performed under § 33.76(c), the engine is required to produce at least 
75% of takeoff power or thrust after ingestion of small and medium birds.  A momentary 
power or thrust drop (e.g., surge recovery) below this value may be acceptable as long as 
the duration does not exceed 3 seconds. 
 
     c.  The purpose of the sea level hot day corner point assessment under  
§ 33.76(a)(1), is to address both the loss of margins to operating limitations (e.g., exhaust 
or measured gas temperature,  rotor speeds, etc.), and also the influence of the engine 
control system limiters or controlling parameters on available power or thrust at the 
critical hot day corner point condition.  This post test analysis approach allows testing at 
takeoff power or thrust for actual test day conditions, and provides a uniform assessment 
of power loss against rated levels independent of the actual tests ambient conditions.  The 
assessment may be based on appropriate test, analysis, service events or combination 
thereof.  
  
     d.  Rig tests may be used to determine if a particular bird size will pass through the 
inlet and into the rotor blades. 
 
     e.  Thrust or power should be measured by a means which can be shown to be 
accurate throughout the test to enable the thrust or power to be set without undue delay 



                   
 

andmaintained to within plus or minus 3% of the specified levels.  If a sustained high 
vibration condition exists after the first 2 minutes of operation after the bird ingestion, 
then thrust or power may be varied as a protective measure within plus or minus 3% of 
the specified levels.  Alternative load devices of some test facilities such as waterbrakes, 
may be unable to control power within the plus or minus 3% tolerance.  This should be 
identified and approved prior to the test. 
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f.  Exceedences of engine operating limits are not expected to occur.  However, 
exceedences may be permitted to occur only during the first 2 minutes (reference  
§ 33.76(c)(7)(ii)) following the ingestion of the birds in the 20 minute run-on test.  Any 
limit exceedence(s) should be recorded, and it should be shown by evidence acceptable to 
the Administrator, that the limit exceedence(s) will not result in an unsafe condition 
(reference § 33.76(c)(10)).  This evidence may come from previous test or service 
experience, or analysis thereof.  Also, under such circumstances, the operating 
instructions, installation manual, and maintenance manual should be reviewed to assure 
that appropriate instructions are included within those documents, and that any such 
instructions are appropriately validated. 
 
g. All components considered to be part of the front of the engine must be evaluated 
under 33.76(a)(3) and 33.76(c)(6). 
 
 

SECTION 3 
LARGE FLOCKING BIRD INGESTION 

 
7. GUIDANCE FOR LARGE FLOCKING BIRD INGESTION 
 
a. In accordance with Section 33.76(d)(2), engine power or thrust will be stabilized at a 
specific first stage rotor speed value (e.g., fan speed, N1, etc.) that is independent of test 
day ambient conditions or actual power or thrust produced at the time of the test. This 
rotor speed value corresponds to that which would produce 90% of maximum Rated 
Takeoff Power or Thrust when the engine is operated on an ISA standard day at sea level. 
The definition of first stage rotor can be found in Section 3(d) of this AC.  
 
 
b. The applicant should select a target on the first exposed rotating stage or stages of the 
engine (e.g., fan) at a blade span airfoil height of 50% or further outboard as measured at 
the blade leading edge (see Figure 1). The specified target location is at the discretion of 
the applicant.. The use of ‘stage or stages’ is intended to allow for alternative designs 
such as rear mounted fans where each exposed stage will be evaluated independently.  
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Figure 1. Location of target point on the leading edge of the fan 
blade. A typical fan blade is illustrated.  

 
 
c. In the test performed under Section 33.76(d), the engine is required to run-on for a 
minimum of 20 minutes  per the required run on schedule after ingestion of a large 
flocking bird (see Figure 2). A momentary power or thrust drop below this value may be 
acceptable as long as the duration does not exceed 3 seconds. Also, momentary power or 
thrust drops (e.g., surge recovery) below specified values when setting power during the 
run-on demonstration specified in 33.76(d)(5) may also be acceptable as long as the 
duration(s) does not exceed 3 seconds. 
 
d. With respect to the run-on sequence specified in 33.76(d)(5): 
 

1) Segment (5)(i) is 1 minute in duration, and no movement of the power lever is 
allowed. Any power or thrust equal to or greater than 50% of maximum rated 
takeoff is acceptable.  
 
2) Segment (5)(ii) is 13 minutes in duration, and the thrust lever may be 
manipulated at the discretion of the applicant. During this portion of the test the 
applicant may set power or thrust where the engine can continue to operate for 
example to minimise exceedences and/or vibration, provided that no less than 
50% power or thrust is maintained. It is also permissible for the applicant to vary 
the power control lever at any time and to any extent at any rate within this period 
of time provided that no less than 50% power or thrust is maintained.  
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3) The total time of the test may exceed 20 minutes due to the time used for 
accelerations and decelerations. 
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Figure 2. Run-on profile for large flocking bird test. 
 
e. Any analytical means used to support compliance with the large flocking bird 
requirement under either 33.76(d)(6) method, should be validated by evidence based on 
representative tests and should have demonstrated its capability to predict engine test 
results.  
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f. A subassembly test under the 33.76(d)(6)(ii) method should include all type design 
hardware which are considered significant to the outcome of the test. Potential examples 
include, but are not limited to, fan blades and their retention/spacer components, fan inlet 
and outlet (exit) guide vanes; spinners, fan disks and shafts; fan cases; frames; main 
bearings and bearing supports including frangible bearing assemblies or devices; and 
other critical parts. The intent is that a subassembly test should adequately represent the 
mechanical aspects of a type design engine during large flocking bird ingestion. The 
dynamic effects (and related operability concerns) noted in this section include, but are 
not limited to, surge and stall, flameout, limit exceedences, and any other considerations 
relative to the type design engine’s ability to comply with the requirements of 
33.76(d)(4)/(5). 
 
g. Engine operating limit exceedences may be permitted to occur during the  20 minute 
run-on. Any limit exceedence(s) should be recorded, and it should be shown by evidence 
acceptable to the Administrator, that the limit exceedence(s) will not result in an unsafe 
condition (reference section 33.76(d)(7)). This evidence may come from previous test or 
service experience, or analysis thereof. Also, under such circumstances, appropriate 
instructions should be included in the operating instructions, installation manual, and 
maintenance manual  
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DEPARTMENT OF TRANSPORTATION 

Federal Aviation Administration 

14 CFR Part  33 

[Docket No.  XX]          

Airworthiness Standards; Engine Bird Ingestion 

AGENCY:  Federal Aviation Administration (FAA), DOT. 

ACTION:  Notice of proposed rulemaking (NPRM). 

SUMMARY:  This document proposes to amend the FAA type certification standards for aircraft 

turbine engines with regard to bird ingestion capability.  The proposed standards reflect recent 

analysis of the flocking bird threat encountered in service by turbine powered aircraft, and would 

harmonize the FAA bird ingestion standards with those being drafted by the Joint Aviation 

Authorities (JAA).  The proposed changes would establish uniform bird ingestion standards for 

aircraft turbine engines certified by the United States under FAA standards and by the JAA 

countries under JAA standards, thereby simplifying airworthiness approvals for import and 

export. 

DATE:  Comments to be submitted on or before xx. 

ADDRESSES: 

FOR FURTHER INFORMATION CONTACT:  

SUPPLEMENTARY INFORMATION: 

-Comments Invited 

-Availability of NPRM’s 

-Background: 

Statement of Issue 491 

492 

493 

494 

495 

496 

 The FAA recently adopted new regulations within part 33 to better address the 

overall bird ingestion threat in service. These requirements were adopted, in part, as a 

response to NTSB Recommendation A-76-64, which recommended an increase in the level of 

bird ingestion capability for aircraft engines.  These requirements were adopted as 

Amendment 20 to part 33, Section 33.76, in September 2000. 



                   
 

 As part of the dispositioning of NPRM comments for that rulemaking, the FAA 

agreed to a further study of the bird threat, and to evaluate the need for further rulemaking 

to address flocking birds larger than those addressed under the new Section 33.76.  The 

actual comments to the NPRM in this regard stated that the threat from flocking birds with 

mass greater than 1.15 kg (2.5 lbs) was not covered by certification requirements, and that 

increasing populations of such large flocking birds could expand the threat posed by these 

size birds.  The comments suggested that FAA should consider adoption of an additional 

requirement to address this portion of the demonstrated threat to assure that future engine 

products will continue to operate safely. In response to these comments, the FAA tasked the 

ARAC to review available bird ingestion data for flocking birds with mass larger than 1.15 

kg (2.5 lbs), and to provide recommendations for rulemaking. The ARAC task was 

approved on May 24, 2001, and was assigned to the Engine Harmonization Working Group 
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(EHWG) of the Transport Airplane and Engine Issues Group (TAEIG) on November 7, 509 

2001. On [date] the TAEIG recommended that the FAA proceed with rulemaking to address 

the larger flocking bird threat with additional part 33 requirements. This NPRM reflects the 

ARAC recommendations for rulemaking in this regard. 
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Data Study 514 
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516 

517 

 

 As part of this ARAC project, the FAA sponsored a contract with industry 

to collect and analyze pertinent bird ingestion data. This work is summarized in 

FAA Report No. TBD. The historical bird threat and resulting impact to flight 

safety for a 30-year period through 1999 has been reviewed as part of this effort.  

The data collected represents the worldwide non-military service experience of 

small, medium and large turbofan and turbojet engines in service during that time 

period, except for aircraft manufactured or flown in the former Soviet Union and 

Eastern European block countries. This includes, for two, three and four engined 

aircraft, over 325 million aircraft departures and approximately 340 events 

involving ingestions of large flocking birds (over 1.15kg  [2.5 lbs. mass]).   
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Occurrences of loss of power on more than two engines are predicted to be 

extremely improbable based on the results of the data study.  It was therefore 

Terry Tritz
Is extremely improbably defined and therefore need to be capitalized?



                   
 

concluded that the hazard to be addressed with this revision to the rule should be 

the dual engine power loss, from this point referred to as multi-engine power loss. 
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After collection and review of the available data, an analysis was performed to characterize the 

threat and consequences of bird ingestion. As a result of that analysis, the ARAC group identified 

flocking bird encounter threats more severe than specifically addressed under current 33.76. Note 

that throughout the study, birds were identified by species, and once identified an average mass 

for that species was typically assigned. All references to bird mass reflect the average mass for the 

species classification. 

 

 Data study observations for turbine engines with inlet throat areas greater than 3.9 m2 are 

summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences involving 

birds greater than 1.15 kg (2.5 lb) have occurred; however, such events are currently 

predicted to occur at the rate of 1E-9 per aircraft flight hour based on the power-loss 

probabilities from smaller size engines.  This is a conservative number since the expected 

power loss probability for this size engine is expected to be better than the smaller 

engines. There was insufficient data for this size engine to calculate the probability at this 

size.  

2. There have not been any multi-engine ingestion events for bird classifications heavier  

than 1.15 kg (2.5 lb). 

 Data study observations for turbine engines with inlet throat areas between 3.5 and 3.9 

m2 are summarized as follows:  

1. No multi-engine power loss events with catastrophic aircraft consequences involving birds 

greater than 1.15 kg (2.5 lb) have occurred, however such events are currently predicted to occur 

at the rate of approximately 1.1E-9 per aircraft flight hour. 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg. (2.5 lbs. mass) have occurred at 

a rate of 7.4E-8 per aircraft flight hour. 

3. There have not been any multi-engine ingestion events for bird classifications heavier than 3.65 

kg (8 lbs.). 

 

              Data study observations for turbine engines with inlet areas between 2.5 and 3.5 m2 are 

summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences have occurred with 

birds greater than 1.15 kg (2.5 lb.), however such events are currently predicted to occur at the 

rate of 1.5E-9 per aircraft flight hour. 



                   
 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lbs.) have occurred at a rate of 

3.2E-8 per aircraft flight hour.  
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3. There have not been any multi-engine ingestion events for bird classifications heavier  

than 1.5 kg. (3.3 lbs.). 

 

Data study observations for turbine engines with inlet areas between 1.35 and 2.5 m2 are 

summarized as follows: 

1. No multi-engine power loss events with Catastrophic aircraft consequences have 

occurred with birds greater than 1.15 kg (2.5lb.), however such events are currently 

predicted to occur at the rate of 2.8E-10 per aircraft flight hour. 

2. No multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lb.) have occurred 

(one ground event did occur after landing). 

 

Data study observations for turbine engines with inlet areas between 0.40 and 1.35 

m2 are summarized as follows: 

1. One multi-engine power loss event involving a bird mass less than 1.15 kg (2.5 

lbs.) with catastrophic aircraft consequences has occurred for large transport 

airplanes, and four for business jet applications. 

2. Multi-engine ingestions of flocking birds greater than 1.15 kg (2.5 lbs.) have 

occurred at a rate of  2.5 per aircraft flight hour for large transport aircraft.  Data 

for business jets were incomplete and therefore o rate was computed. 
3. There have not been any multi-engine ingestion events for bird classifications heavier than 3.65 kg. (8 

lbs.).  

 

Data study observations for turbine engines with an inlet area less than 0.40 m2 are summarized as follows: 

1. No multi-engine power loss events with catastrophic aircraft consequences with birds greater than 1.15 

kg (2.5 lb.) have occurred in service.  No multi-engine power loss events involving a bird mass less than 

1.15 kg with catastrophic aircraft consequences have occurred involving transport category aircraft.  Of the 

data provided on business jets, three multi-engine power loss events involving a bird mass less than 1.15 

kg with catastrophic aircraft consequences have occurred.  

2. Transport category aircraft multi-engine ingestions of flocking birds (of all mass sizes) have been 

reported to occur at a rate of 3.2E-8 per engine hour. 

3. There have been no reported multi-engine ingestion events for bird classifications heavier than 1.15 kg 

(2.5 lbs. mass). 
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Based on the data review and analysis, the current requirements of 33.76, for all engine sizes, already 
support meeting the safety objective for medium birds, 1.15 kg and under. 
 
It was concluded from the data study that already certified designs may be predicted to result in a 

hazardous condition at a probability that is slightly higher than the chosen safety objective. Therefore, a 

test with the average mass of the largest flocking bird to be considered (3.65 kg. / 8 lbs.) at critical 

conditions would significantly over achieve the safety objective defined below.  As will be seen below, this 

conclusion has led to the acceptance of test parameters representative of in-service data.  

 

Proposed Rule Safety Objective 609 
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 Flocking birds may be ingested by more than one engine on the aircraft during one 

encounter.  The safety objective of this proposed rule is to define certification criteria such that the 

predicted rate of catastrophic aircraft events from multiple engine power loss due to multi-engine 

ingestion of flocking birds weighing greater than 1.15 kg (2.5 lbs.) and up to 3.65 kg (8 lbs.) does 

not exceed 1E-9 events per aircraft flight hour. A catastrophic aircraft event might occur when 

damage to the engines results in an unsafe condition as specified in § 33.75; or where insufficient 

total aircraft power, thrust or engine operability is retained  to provide adequate engine run-on 

capability to ensure continued safe flight and landing of the aircraft.  It is not possible to 

demonstrate by a single test that any given engine design will experience no more than one multi-

engine failure with catastrophic consequences to the aircraft due to ingestion of large flocking 

birds in 1E9 hours of fleet experience.  However, it is possible to design a requirement which will 

provide the basis for predicting that level of reliability on a fleet wide basis.  This statement is 

based on the following assumptions: 

   

 1) Current bird control standards for airport certification will be maintained.  

2) Airport operators, air traffic controllers, and pilots will maintain their current awareness of 

the bird ingestion threat. 

3) Any increase in the large flocking bird multi-engine ingestion rate over the next ten years 

will not exceed values estimated from the current bird growth rate observed in the data study.  

 

The safety objective for this proposed rule has been applied at the world fleet 

level.  The world fleet of turbine powered airplanes is comprised of two, three, and 

four engine airplanes. The large engine historical fleet experience of multiple 

engine ingestions is dominated by three and four engine airplane data, however 

two engine airplanes are likely to dominate the future fleet. This evolving situation 



                   
 

was considered within this rulemaking effort, with assumptions about future fleet 

makeup playing a role in the selection of the new requirements.  
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With respect to bird ingestion, differences between these aircraft types generally 

relate to either dual engine bird ingestion rate, or probability of hazardous 

consequence given an actual dual engine power loss. For example, twin engine 

airplanes will have a higher probability of hazardous consequence given an actual 

dual engine power loss; however their dual engine bird ingestion rate (and 

resulting power loss) is much lower than that of the three and four engine 

airplanes. On the other hand, three and four engine airplanes while having 

substantially higher rates of dual engine bird ingestion (and resulting powerloss), 

are less likely to suffer a hazardous consequence should a dual engine powerloss 

actually occur.  

 

A review of world fleet service data indicates that the higher rate of dual engine 

bird ingestion occurrences for three and four engine airplanes determines the rate 

for the entire fleet of large engines. This rulemaking is based on the current world 

fleet distribution of two, three, and four engine airplanes in determining the new 

requirements necessary to meet the safety objective.  Therefore, since the world 

fleet of large engines is becoming increasingly populated with two engine 

airplanes, this new rule will become more conservative and provide an even higher 

level of safety with respect to the dual engine bird ingestion threat to airplanes in 

service for these size engines. For small and medium size engines, the world fleet 

is overwhelmingly made up of twin engine airplanes. This situation is not likely to 

change over time. Therefore the multi-engine ingestion rate data reflects the 

current fleet makeup.  
 

Proposed Rule Parameter Selection 662 

663  



                   
 

To establish the test conditions that would satisfy the safety objective, it was 

determined that a probabilistic analysis would be necessary. The probability of a 

dual engine power loss given a dual engine ingestion involves considerations of 

dependent and independent conditions. There is dependence in that during a flock 

encounter, both engines are traveling at the same forward speed (that of the 

aircraft) and will be at the same power setting. The independent conditions involve 

the specifics of the actual impact of the bird with the engine. Because of the 

combination of dependent and independent conditions involved in the analysis, 

simple numeric relationships for determining dual engine power loss probabilities 

would not be appropriate. Therefore a Monte Carlo simulation was selected as the 

best tool to use for this probabilistic analysis.   The selection of appropriate values 

for the analysis and a description of the analysis techniques are given below. 
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 This proposal recognizes the need to design a test that is representative of in-service 

combinations of critical ingestion parameters. Therefore, engine ingestion parameters for actual 

events resulting in sustained power loss were evaluated. The most critical parameters that affect 

power loss have been found to be bird mass, bird velocity, impact location, and engine power 

setting. Since testing for all possible combinations of parameters is impractical, it has been 

necessary to derive a single certification test demonstration that will support meeting the safety 

objective. Definition of this test demonstration has been accomplished by using a Monte Carlo 

statistical analysis to show that the demonstration covers a sufficient percentage of possible 

critical parameter combinations so as to support meeting the safety objective for birds in the 1.15 

kg. (2.5 lbs.) to 3.65 kg. (8lbs.) mass range. 

 

The data study was used to determine the probability of a catastrophic consequence to an aircraft 

in order to define a test that would be likely to achieve the aircraft level fleet safety objective. The 

single engine ingestion rate and multiple engine ingestion (MEI) rates for birds with mass greater 

than 1.15 kg. (2.5 lbs.) were taken from the data, along with the fleet average flight length of 3.2 

hours for large engine installations, and 1.7 hours for small and medium engine installations.  

From historical accident/incident service data, an aircraft Hazard Ratio (HR; the number of 

aircraft accidents divided by the number of dual engine power losses was determined as described 

below. A dual engine powerloss is an event where at least two engines on an aircraft have a 

combined thrust loss greater than the maximum thrust of one engine.  The MEI rate, average flight 



                   
 

length and HR were analyzed to establish test parameters and conditions that would be consistent 

with the safety objective. 
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Hazard Ratio: 

To establish the Hazard Ratio, a list containing multiple engine power loss events was provided by the 

FAA. This list included the following 

1) FAA data showing a hazard ratio for twin engine aircraft alone at 0.33 and all aircraft events at 0.07;  

2) The AIA Propulsion Committee report (PC342, in support of CAAM) which documented a hazard ratio 

of 0.07.  

3) Boeing supplied data of large high bypass ratio engines documenting a hazard ratio of 0.05.  

 A hazard ratio of 0.18 was selected for all engines.  This hazard ratio was accepted as being appropriate 

for the specific data set being utilized. Statistical confidence bands of 75% and 90% on each data category 

were tabulated for comparison and yielded a similar result, giving confidence in the value selected. For 

consistency with this single hazard ratio, a standard mix of 75% twins and 25% quads (based on aircraft 

flights) was applied to all engine size classes. 

 

 

 

 

 

Monte Carlo Analysis: 

 

Several simulations were run to establish the single engine failure probability, 

given a large flocking bird ingestion that would produce a dual engine power loss 

probability within the safety objective.  An arithmetic calculation working 

backwards from the safety objective then established a multiple engine power loss 

rate that would satisfy the safety objective. The simulations involved inputting 

bird strike impact energy into the first stage rotor in accordance with variations of 

the above input parameters determined by service data probability curves. Initial 

simulations defined a parameter boundary created by the current and proposed 

certification requirements (independent of fan blade design) that would meet the 



                   
 

safety objective. Other simulations input structural features from current in-service 

fan blades that have demonstrated acceptable bird ingestion capability; or input 

structural characteristic maps of new design fan blades.  
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The Monte Carlo simulation used as random inputs:  

1) takeoff or approach phase ingestion probabilities established from the 

data study. The data study showed a 50/50 split between takeoff and 

approach encounters,   

2)  engine takeoff first stage rotor speed  based on actual service data,  

3)  impact on the engine fan face based on area,  

4)  aircraft forward speed based on actual service data. 

 5)  the bird size based on a probability distribution established from the 

data study for birds greater than 1.15 kg. (2.5 lbs.) but less than or equal to 3.65 

kg. (8 lbs.). 

 
The Monte Carlo simulation also accounted for installation effects at the fan blade tip (tip shielding). An 

installed engine has the proximity of the nacelle structure, particularly the inlet cowl that reduces the 

exposure of the fan blade tip to direct impact by large birds. The reduction in exposed diameter is close to 

10% but varies slightly with engine diameter.  

 

The engine structure considered consists of any inlet structure that can be impacted by an ingested bird, to 

include but not be limited to inlet guide vanes, spinners, and fairings. Static engine inlet structure that 

would be certified as part of the engine, and which could be impacted by a bird prior to the bird impacting 

the first rotating stage of an engine compressor was also evaluated in the analysis.  Of particular interest 

was the fan fairing (e.g., spinner or bullet nose), that directs inlet air around the fan hub into the core or fan 

bypass airflows. With current technology, this fairing is approximately one third of the diameter of the fan, 

which is approximately 11% of the fan area. The data shows that this fairing is impacted in service by birds 

in proportion to its area. The data also shows that fairings certified with engines to the requirements of 

FAR 33.77 Amendment 6 have not caused an engine power loss from impacts due to birds of any size, 

including large flocking birds. The current requirement of FAR 33.76 requires that the fairing demonstrate 

capability for 1.15 kg. (2.5 lbs.) birds at the critical location at 250 knots impact velocity.  The 

requirements for the fairing, with conservative allowance for the size of the critical area of the fairing, were 



                   
 

input into the Monte Carlo analysis. The Monte Carlo analysis included impacts to the fairing as well as the 

fan blades for the overall evaluation. The Monte Carlo analysis results showed that the safety target could 

be met for inlet components meeting the current requirements of 33.76. It was therefore accepted that the 

current requirements of FAR 33.76 provide adequate standards, and that no additional rule making is 

required for these classes of components. However it was decided to revise the Advisory Circular to clarify 

and stress what the current requirements and acceptable methods of compliance are for inlet components.  
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The various methods of Monte Carlo simulation were in general agreement, thereby providing an 

independent cross-check that the proposed rule requirements can support achieving the safety objective. 

 

Test Conditions: 

 

The following test conditions have been established from the above: 

 

Power/Thrust & Rotor Speeds: The first stage of rotating blades of the engine is the feature of a 

typical turbine engine most susceptible to damage from large flocking birds, and which can result 

in loss of engine power. It was shown that selecting a first stage rotor rotational speed that most 

engines were likely to be at during takeoff would support meeting the safety objective. Analysis 

of manufacturer collected service data, which includes de-rated thrust operations for the world 

fleet, showed that this first stage rotor speed, on a fleet average basis, corresponds to 90% of 

maximum rated takeoff power or thrust on an ISA standard day. It was therefore established that 

the thrust or power setting for the test demonstration would be based on first stage rotor speed 

itself, which will be equal to a rotor speed that corresponds to engine operation at 90% of 

maximum rated takeoff power or thrust on an ISA standard day. 

 

Bird Velocity: The velocity of the bird during the test represents the velocity of the aircraft at the 

time of ingestion. Ingestions that occur at speeds lower than flight speeds result in rejected 

takeoffs and therefore are a lesser hazard to the aircraft. Flight speeds at altitudes where large 

flocking birds are most encountered range between 150 and 250 knots. Damage to an engine due 

to a bird ingestion results from a combination of parameters that include ingestion speed, first 

stage rotor speed and location of impact on the rotor blade span. For many designs, analysis 

showed that a bird speed less than 250 knots is generally more conservative. The data shows that 

the most representative aircraft speed for encounters with large flocking birds is approximately 

200 knots and it was therefore established that this would be the impact speed for the test 

demonstration.   

 



                   
 

Target Location: The Monte Carlo simulations have shown that a test with bird impact at 50% fan 

blade height or greater will support attainment of the required safety objective in conjunction with 

the other test parameters described above. This aspect of the overall analysis assumes that the first 

stage blades will be more capable inboard of the 50% location than outboard, and that core 

ingestion capability is adequately addressed under the medium bird requirements. 
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Run-on: The purposes of the run-on demonstration are to show that the engine is capable of 

providing sufficient power, thrust and operability after the ingestion to continue a take-off, initial 

climb, and perform one air turnback, with a safe return for landing. It was considered that current 

procedures recommended by the aircraft manufacturers and the regulators, following an engine 

malfunction, is for flight crews to concentrate on flying the aircraft without throttle manipulation, 

regardless of the nature of an engine malfunction, until an altitude of at least 400 ft is reached. It 

was considered that ingestion of large flocking birds could damage the engines such that 

maneuvering the aircraft to a safe landing would be executed at high priority. Also it was 

considered that the aircraft would have to be flown in a manner such that flight crews could 

maintain the aircraft on glide slope. The run on time for the large flocking bird ingestion test has 

therefore been set at a minimum of 20 minutes (as for the medium bird test), with the initial 

minute after ingestion with no throttle manipulation where the engine must produce more than 

50% maximum rated thrust, thirteen minutes where the engine is to maintain no less than 50% 

maximum rated thrust, but the throttle may be manipulated, to provide opportunity for the aircraft 

to establish itself in a return approach attitude, then a 5 minute period at approach thrust with a 

one minute thrust bump to demonstrate that a flight crew could establish approach thrust and 

manipulate the throttle sufficient to maintain glide slope during approach and landing. There is a 

final minute where the engine is to demonstrate that it can be brought safely to ground idle and 

shutdown. 

 
Bird Mass/Weight: For engines with inlet throat area greater than 3.9 m2 (6045 sq. in.), a bird size 

of 2.5 kg. (5.5 lbs.) is representative of the average Snow Goose, one of the species identified as a 

key large flocking bird threat. The analysis shows that a 2.5 kg. (5.5lbs.) bird for the certification 

requirement, tested at the conditions specified, provides mitigation of the risk for bird masses 

greater than 1.15 kg. (2.5 lbs.) and up to 3.65kg (8lb) at the current and projected threat based on 

dual engine ingestion rates. The demonstration using a 2.5 kg. (5.5 lbs.) bird at the conditions 

specified, establishes the capability level of the blade at a location on the blade that represents a 

minimum of half of the exposed area of the first stage rotating blades. The probabilistic 

assessment using the Monte Carlo as described using the demonstrated capability level showed 



                   
 

that the safety objective was met. 
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For engines with an inlet throat area between 3.5-3.9 m2 (5425-6045 sq. in.), it was determined 

that a large flocking bird demonstration with a 2.1 kg (4.63 lbs.) bird would be required to meet 

the safety goal. 

 

For engines with an inlet throat area between 2.5-3.5 m2 (3875-5425 sq. in.), it was determined 

that a large flocking bird demonstration with a 1.85 kg (4.08 lbs.) bird would be required to meet 

the safety goal. 

 

For engines with an inlet throat area of 2.5 m2 (3875 sq. in.) or less, the data review and analysis showed 

that the current requirements of 33.76 (for these size engines) already supports meeting the safety objective 

proposed for this rulemaking. Therefore, the current requirements of 33.76 for engines with inlet throat 

areas of 2.5m2 (3875 in2) or less will remain unchanged. 
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 The task group concluded that the proposed rule would support achieving the target level 

of safety against the currently identified large flocking bird threat. 

 

It should be noted that the EHWG has also issued recommendations on the need to control Snow 

and Canada geese populations and their movements near airports. The ARAC TAEIG received 

these recommendations on December 4, 2001 (EHWG letter dated November 13, 2001). These 

strengthened requirements for the certification of the engines may not be adequate to attain the 

safety goal if the numbers of these birds or their movements significantly increases compared to 

the present situation. 

 

This proposed regulation may have safety significance with respect to the requirements of Section 

21.101, Designation of Applicable Regulations for Changes to Type Certificates.  

 

General Discussion of the Proposals 

Section 33.76 861 

862 

863 

864 

865 

 The proposed revision to § 33.76 would add a new requirement for larger flocking birds 

to the existing regulation. This proposal was developed by the EHWG, and contains substantial 

common language between part 33 and JAR-E.  

Paperwork Reduction Act 



                   
 

 As there are no requirements for information collection associated with this proposed 

rule, no analysis of paperwork requirements is required under the Paperwork Reduction Act of 

1995 (44 U.S.C. 3501 
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Regulatory Evaluation Summary 

 Four principal requirements pertain to the economic impacts of changes to the Federal 

regulations.  First, Executive Order 12866 directs Federal agencies to promulgate new regulations 

or modify existing regulations after consideration of the expected benefits to society and the 

expected costs.  The order also requires federal agencies to assess whether a proposed rule is 

considered a “significant regulatory action.”  Second, the Regulatory Flexibility Act of 1980 

requires agencies to analyze the economic impact of regulatory changes on small entities.  Third, 

the Office of Management and Budget directs agencies to assess the effect of regulatory changes 

on international trade.  Finally, Public Law 104-4 requires federal agencies to assess the impact of 

any federal mandates on state, local, tribal governments, and the private sector. 

In conducting these analyses, the FAA has determined that this proposed rule would generate 

cost-savings that would exceed any costs, and is not “significant” as defined under section 3 (f) of 

Executive Order 12866 and DOT policies and procedures (44 FR 11034, February 26, 1979).  In 

addition, under the Regulatory Flexibility Determination, the FAA certifies that this proposal 

would not have a significant impact on a substantial number of small entities.  Furthermore, this 

proposal would not impose restraints on international trade.  Finally, the FAA has determined that 

the proposal would not impose a federal mandate on state, local, or tribal governments, or the 

private sector of $100 million per year.  These analyses, available in the docket, are summarized 

below. 

 

Cost and Benefits 889 

890  

International Trade Impact Analysis 891 
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 The proposed rule would have little or no affect on international trade for either U.S. 

firms marketing turbine engines in foreign markets or foreign firms marketing turbine engines in 

the U.S. 

 

Regulatory Flexibility Determination 896 

 The Regulatory Flexibility Act of 1980 establishes "as a principle of 897 

regulatory issuance that agencies shall endeavor, consistent with the 898 

objectives of the rule and of applicable statutes, to fit regulatory and 899 

informational requirements to the scale of the businesses, organizations, 900 



                   
 

and governmental jurisdictions subject to regulation."  To achieve that 901 

principle, the Act requires agencies to solicit and consider flexible 902 

regulatory proposals and to explain the rationale for their actions.  The Act 903 

covers a wide range of small entities, including small businesses, not-for-904 

profit organizations, and small governmental jurisdictions. 905 
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 Agencies must perform a preliminary analysis of all proposed rules to determine whether 

the rule will have a significant economic impact on a substantial number of small entities; if the 

determination is that it will, the agency must prepare an initial regulatory flexibility analysis 

(RFA). 

 However, if after a preliminary analysis for a proposed or final rule, an agency 

determines that a rule is not expected to have a significant economic impact on a substantial 

number of small entities, Section 605(b) of the Act provides that the head of the agency may so 

certify.  The certification must include a statement providing the factual basis for this 

determination, and the reasoning should be clear. 

 The FAA conducted the required preliminary analysis of this proposal and determined...  

Federalism Implications 916 
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 The regulations proposed herein would not have substantial direct affects on the States, 

on the relationship between the national government and the States, or on the distribution of 

power and responsibilities among the various levels of government; and would not impose 

substantial direct compliance costs on States or local governments.  Therefore, in accordance with 

Executive Order 12612, it is determined that this proposal would not have sufficient federalism 

implications to require consultation with representatives of affected States and local governments. 

 In addition, the regulations proposed herein would not significantly or uniquely affect the 

communities of the Indian tribal governments and would not impose substantial direct compliance 

costs on such communities.  Therefore, in accordance with Executive Order 13084, it is 

determined that this proposal would not require consultation with representatives of affected 

Indian tribal governments. 

 

Environmental Assessment 

FAA Order 1050.1D defines FAA actions that may be categorically excluded from preparation of 

a National Environmental Policy Act (NEPA) environmental assessment (EA) or environmental 

impact statement (EIS).  In accordance with FAA Order 1050.1D, appendix 4, paragraph 4(j), 

regulations, standards, and exemptions (excluding those, which if implemented may cause a 

significant impact on the human environment) qualify for a categorical exclusion.  The FAA has 

determined that this rule qualifies for a categorical exclusion because no significant impacts to the 



                   
 

environment are expected to result from its finalization or implementation.  In accordance with 

FAA Order 1050.1D, paragraph 32, the FAA has determined that there are no extraordinary 

circumstances warranting preparation of an environmental assessment for this proposed rule. 
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List of Subjects in 14 CFR Part 33 

 Air transportation, Aircraft, Aviation safety, Safety. 

The Proposed Amendment 

 In consideration of the foregoing, the Federal Aviation Administration proposes to 

amend part  33 of Title 14, Code of Federal Regulations as follows: 

PART 33 - AIRWORTHINESS STANDARDS:  AIRCRAFT ENGINES 

 1.  The authority citation for part 33 continues to read as follows: 

 Authority:  49 U.S.C. 106(g), 40113, 44701, 44702, 44704. 

 2.  Section 33.76 is revised to read as follows: 

33.76 BIRD INGESTION 
 
(a) General. Compliance with paragraphs (b), (c), and (d) of this section shall be in accordance with the 

following: 
 
(1) Except as specified in paragraph (d) of this section, all ingestion tests shall...*** 
(2) *** 
(3) The impact to...conditions prescribed in paragraphs (b), (c) or (d) of this  

section... cannot comply with the requirements of paragraphs (b)(3) and (c)(6) and (d)(4) of this 
section. 

(4) *** 
(5)  Objects that …. paragraphs (b), (c) and (d) of this section. 
(6) *** 

(b) Large single birds. Compliance with...*** 
 
(c) Small and medium flocking birds. Compliance with...*** 
 
(d) Large flocking bird. An engine test will be carried out at the conditions specified below:  
 

(1) Large flocking bird engine tests will be conducted using the bird mass/weights in Table 4, 
and ingested at a bird velocity of 200 knots. 
 

(2)  Prior to the ingestion, the engine must be stabilized at no less than the mechanical rotor 
speed of the first exposed stage or stages that, on an ISA standard day, would produce 90% of 
the sea level static Maximum Rated Takeoff  Power or Thrust. 
 

(3) The bird must be targeted on the first exposed rotating stage or stages at a blade airfoil height 
of not less than 50% measured at the leading edge. 
 

(4) Ingestion of a large flocking bird under the conditions prescribed in this paragraph must not 
cause any of the following: 
 
i) A sustained reduction of power or thrust to less than 50% Maximum Rated Takeoff Power 
or Thrust during the run-on segment specified under Section (5)(i). 
 
(ii) The engine to be shutdown during the required run-on demonstration prescribed in 
paragraph (5) of this section. 



                   
 

 
(iii) The conditions defined in paragraph 33.76(b)(3) of this section.  
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(5) The following test schedule shall be used: 
 

(i) Ingestion followed by 1 minute without power lever movement. 
 

(ii) Followed by 13 minutes at not less than 50% of Maximum Rated Takeoff Power or 
Thrust.  
 

(iii) Followed by 2 minutes between 30 and 35% of Maximum Rated  
Takeoff Power or Thrust. 
 

(iv) Followed by 1 minute with power or thrust increased from that set in (5)(iii) by 
between 5% and 10% of Maximum Rated Takeoff Power or Thrust. 
 

(v) Followed by 2 minutes with power or thrust reduced from that set in (5)(iv) by 
between 5% and 10% of Maximum Rated Takeoff Power or Thrust. 
 

(vi) Followed by a minimum of 1 minute at ground idle then engine shutdown. 
 

The durations specified are times at the defined conditions. Power lever 
movement between each condition will be 10 seconds or less, except that 
power lever movements allowed within (5)(ii) are not limited, and for 
setting power under (5)(iii) will be 30 seconds or less. 
 
(6)  Compliance with the large flocking bird ingestion requirements of this paragraph may also 

be shown by: 
 
(i) Incorporating the requirements of 33.76(d)(4)/(5) into the single large bird test 
demonstration specified in section 33.76(b)(1); or,  
 
(ii) Use of an engine subassembly test at the ingestion conditions specified in section 
33.76(b)(1) if: 
 

1. All components critical to complying with the requirements of 33.76(d) are included in 
the subassembly test; and 
 
2. The components of (1) are installed in a representative engine for a run-on 
demonstration in accordance with 33.76(d)(4)/(5); except 33.76(d)(5),(i) is deleted and 
(ii) must be 14 minutes in duration after the engine is started and stabilized and 
 
3. Dynamic effects that would have been experienced during a full engine ingestion test 
can be shown to be negligible with respect to meeting the requirements of 
33.76(d)(4)/(5). 

 
(7) If any engine operating limit(s) is exceeded during the run on period then it shall be 
established that the limit exceedence(s) will not result in an unsafe condition. 
 

Table 4 to Section 33.76 – Large Flocking Bird Mass/Weight 
 

Engine Inlet Throat Area m2(in2) Bird Quantity Bird Mass/Weight kg.(lbs.) 
 



                   
 

A < 2.50  (3875) None -- 
2.50 < A < 3.50  (5425) 1 1.85 kg (4.08 lbs.) 
3.50 ≤ A < 3.90 (6045) 1 2.10 (4.63lbs.) 
3.90 (6045) ≤ A 1 2.50 (5.51 lbs.) 

Issued in Washington, DC, on  1036 

1037 

1038 

Director, Aircraft Certification Service. 
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